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ABSTRACT 


A  preliminary  design  study  was  conducted  on  an  unmanned  HI-HICAT  (High-High 
Altitude  Critical  Atmospheric  Turbulence)  vehicle  and  instrumentation  system  to 
measure  turbulence  at  altitudes  from  JO, 000  to  200,000  feet.  The  vehicle 
configuration  selected  as  optimum  for  this  extreme  range  of  altitudes  is  a 
parawing.  For  the  study,  emphasis  *;as  placed  on  designing  a  system  for  the 
middle  portion  of  the  altitude  band  from  100,000  to  150,000  feet.  In  this 
band  a  lifting  body  configuration  is  competitive  with  the  parawing.  Both 
systems  feature  a  one-stage  vehicle  which  is  air  launched  from -an  F-4C 
aircraft  at  supersonic  speeds.  A  cluster  of  eight  P4-1  rocket  chambers 
accelerates  the  vehicle  up  to  cruise  speed.  The  vehicle  cruises  in  horizontal 
flight  at  speeds  as  high  as  Mach  6  until  propellant  exhaustion  or  until 
the  sustainer  engine  is  shut  down.  It  then  decelerates  at  the  cruise  altitude 
to  obtain  additional  data  miles.  Recovery  is  initiated  when  the  vehicle 
slows  down  to  Mach  1.5.  An  air  snatch  completes  the  mission.  Turbulence  data 
is  gathered  by  a  digital  system  and  stored  on  a  magnetic  tape  recorder  and 
telemetered  back  to  the  launch  aircraft,  the  recovery  aircraft,  and  any 
available  ground  ^ cation.  An  inertial  navigator  supplies  attitude 
and  acceleration  t it a,  but  the  fine  scale  attitude  motions  in  turbulence  are 
obtained  from  a  package  of  three  precision  rate  gyros.  A  one-axis,  servoed 
Q-ball  is  recommended  as  the  flow  direction  sensor.  The  total  RDT&E, 
production,  and  operating  cost  of  500  data  gathering  flights  is  estimated 
at  $53  million. 
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SECTION  1 


IHTHODDCTION 


Clear  air  turbulence  has  been  a  serious  design  problem  at  all  altitudes  at 
•which  airplanes  have  flown.  Figure  1  (heference  l)  indicates  that  turbulence 
is  a  major  factor  in  determining  the  fatigue  life  of  an  aircraft.  It  is 
expected  that-  this'  contribution  may  increase  for  future  flight  vehicles  due  to 
the  combined  effects  of  increased  speed,  altitude,  size  and  flexibility. 

To  date,  turbulence  data,  applicable  to  aircraft  design,  has  been  gathered 
at  altitudes  as  high  as  70,000  feet.  This  data  has  been  gathered  only  recently 
and  by  aircraft  already  in  service  and  thus  has  not  been  available  as  an 
input  into  the  basic  aircraft  design.  The. result  has  been  the  loss  of  life 
and  vehicles,  and  .expensive  design  "fixes1*.  With  this  hindsight  it  becomes 
possible  to  foresee  the  necessity  of  obtaining  turbulence  design  criteria  for 
advanced  vehicles  before  they  reach  the  final  design  phase.  Many  of  these 
vehicles  will  operate  at  altitudes  above  70,000  feet,  for  which  there  is 
presently  no  data  available.  The  E-HICAT  (Eigh-High  Altitude  Critical  Atmos. 
Turbulence)  program  was  initiated  to  collect  turbulence  data  between  70*000 
and  200,000  feet  altitude. 

Thus  far  turbulence  information  in  this  high  altitude  regime  has  been  limited 
to  vertical  profiles  of  wind  velocities,  and  has  been  obtained  from  rising 
rockets  or  falling  instruments  ejected  from  rockets.  Descriptions  and 
understanding  of  the  turbulence  fields  at  these  levels,  sufficient  for  use 
in  aircraft  design  criteria,  requires  extensive  and  accurate  measurements  in 
the  horizontal,  rather  than  the  vertical. 

This  preliminary  design  study  was  initiated  with  the  objective  of  evaluating 
a  vehicle  and  instrumentation  system  which  could  operate  in  horizontal  flight 
at  altitudes  from  JO, 000  to  200,000  feet-  Specific  requirements  as  set  forth 
in  the  contract  are  that  the  system  must  'be  capable  of  obtaining  in-flight 
data  sufficient  to  permit  definition  of  EE-HICAT  with  respect  to  location, 
extent  and  intensity,  and  associated  meteorological  parameters.  The  data  must 
be  sufficient  to  permit  analysis  of  the  turbulence  by  power  spectral  density 
methods.  Emphasis  will  be  placed  on  measuring  long  wavelength  turbulence  (up 
to  75*000  feet  per  cycle)  by  operating  the  vehicle  in  horizontal  flight  through 
areas  of  high  wind  shears,  jet  streams,  gravity  waves  and  similar  phenomena. 

For  an  adequate  data  sample,  the  cruise  range  of  the  vehicle  should  be 
approximately  25  times  the  maximum  wavelength  of  interest.  For  a  wavelength 
of  75*000  feet,  a  range  of  350  miles  Is  required  (statute  mile  used  herein). 

The  primary  requirement  on  the  jListr umentatl on  is  that  it  must  be  capable  of 
resolving  a  minimum  rms  (root-meah-square)  gust  velocity  of  1  fps.  The  number 
of  flights  to  be  considered  for  study  purposes  is  50  minimum  and  1000  maximum. 

Since  the  primary  objective  of  the  HI-HICAT  program  is  to  measure  turbulence, 
it  is 'necessary  to^keep  in  mind  the  fact  that  all  other  systems  must  be 
designed  around  the  instrumentation  system.  The  vehicle  must  be  designed 
with  the  philosophy  that  its  purpose  is  to  carry  the  instrumentation  package 
with  minimum  influence  on  instrumentation  design  or  function.  Thus, 
throughout  this  study,  the  vehicle  and  Instrumentation  have  been  considered 
as  a  single  entity. 
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JR S  1.  FATIGUE  DAMAGE  ATTRIBUTED  TO  VARIOUS  LOAD  SOURCES 


This  study  thus  consisted  of  selecting  an  instrumentation  system  to  perform 
the  shore  stated  mission,  followed  hy  vehicle  configuration  studies,  and 
integrating  these  into  an  overall  operational  system  including  optimum  launch 
method,  propulsion,  guidance  and  control,  and  data  retrieval. 

Erie  study  is  part  of  an  overall  program  to  statistically  define  the 
characteristics  of  high  altitude,  clear  air  turbulence  and  to  verify  or 
correct  existing  theories  on  the  power  spectral  density  of  turbulence  at 
these  altitudes.  Tbe  establishment  of  a  turbulence  model,  to  be  used  as  a 
basis  for  predicting  the  fatigue  leading  of  aerospace  vehicle  structures, 

•will  result  from  the  collected  data  of  the  overall  program. 
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SECTION  2 
SDMMAHI 


One-stage,  unmanned,  parawing  and  lifting  body  designs  were  evolved  for  a  HI- 
HICAT  vehicle  and  instrumentation  system  capable  of  measuring  turbulence  at 
altitudes  from  70,000  to  200,000  feet.  The  mission  for  either  configuration 
consists  of  the  same  series  of  flight  phases,  as  illustrated  in  Figure  2.  This 
study  concludes  that  the  optimum  vehicle  would  be  air  launched.  This  would 
be  accomplished  as  follows:  An  F-I4C  aircraft  enters  the  launch  maneuver  at 
near  Ka.ch  2  at  35,000  feet  and  pulls  up  until  the  HI-HICAT  vehicle  is  released 
at  the  pre-set  launch  angle.  The  helium  pressuriaation  system  is  activated 
and  the  rocket  engines  fire  to  boost  the  HI-HICAT  vehicle  up  to  speed.  The 
boost  engines  (but  not  the  sustainer  engine)  are  shut  down  and  the  vehicle  "coasts" 
up  to  the  cruise  altitude,  at  which  point  the  parawing  deploys,  if  installed. 

The  sustainer  engine  is  modulated  to  provide  the  required  level  of  thrust  in 
cruising  flight.  The  parawing  vehicle  cruises  at  speeds  near  Mach  3  at  70,000 
feet  and  Mach  6  at  200,000  fast.  At  the  lower  altitudes  the  cruise  upeed  can 
be  set  for  maximum  range,  but  at  the  higher  altitudes  the  cruise  speed  for 
maximum  -range-  is  too  high  and  must  be  limited  due  to  material  temperatures. 

After  propellant  exhaustion  or  after  the  engine  is  commanded  to  shut  down,  the 
vehicle  decelerates  at  the  cruise  altitude  to  Mach  1.5,  the  recovery  initiation 
speed,  or  to  a  maximum  angle  of  attack  of  50  degrees.  The  deceleration  adds 
valuable  data  miles.  If  the  maximum  angle  of  attack  is  reached  first,  the 
vehicle  glides  down  until  the  speed  drops  to  Mach  1.5.  After  the  main  para¬ 
chute  opens,  an  air  snatch  aircraft  picks  up  the  vehicle  and  returns  it  to  the 
operating  base  for  refurbishing. 

Although  the  external  configurations  are  radically  different,  the  internal 
systems  for  either  the  parawing  or  the  lifting  body  design  are  the  same  except 
for  one  major  variation.  The  parawing  vehicle  has  a  pressure-fed  engine 
system,  whereas  the  lifting  body  has  a  turbopuap-fed  system.  All  available 
space  must  be  filled  with  propellants,  and  complex  shapes  result  for  a  lifting 
body  design  which  are  inappropriate  for  a  pressure-fed  system.  The  installa¬ 
tion  of  a  turbopump  requires  a  more  complex  design,  but  the  freedom  in  choosing 
an  aerodynamic  configuration  compensates  for  this  disadvantage.  Admittedly, 
only  a  parawing  can  achieve  satisfactory  range  at  extremely  high  altitudes,  but 
the  lack  of  aerodynamic  and  thermodynamic  test  data  gives  a  degree  of  uncer¬ 
tainty  about  a  parawing  design  which  can  only  be  resolved  by  a  systematic 
parawing  research  program.  Lifting  body  designs  have  been  subjected  to  con¬ 
siderable  research,  development,  and  test  effort;  therefore,  a  HI-HECAT  devel¬ 
opment  program  could  proceed  immediately  without  a  research  phase. 

The  recommended,  unmanned  vehicle  configuration  is  dependent  on  altitude.  For 
the  overall  70,000  to  200,000  feet  band,  the  parawing  is  recommended.  It  is 
the  only  vehicle  capable  of  flying  at  200,000  feet  in  a  practical  manner.  For 
flight  at  lower  altitudes,  smaller  wings,  or  no  wings,  can  be  attached  to  the 
same  basic  fuselage.  In  the  mid-altitudes  (l0p,000  to  150,000  feet),  rigid 
shapes  are  competitive  and  the  lifting  body  vehicle  is  recommended. 

At  the  lower  altitudes  of  interest,  the  YF-12A  aircraft  will  have  application. 

Past  turbulence  investigation  Lave  always  emoloyed  a  manned  aircraft.  The 
highest  altitudes  explored  to  date  have  been  with  a  U-2  aircraft  on  the  HI CAT 
program.  An  instrumented  YF-12A  aircraft  is  the  next  logical  step.  The  cost 
of  obtaining  data,  although  greater  than  for  past  investigations,  would  be  less 
than  for  the  unmanned  systems  studied  herein. 
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FIGURE  2.  MISSION  PROFIIE 


A  flow  direction  sensor  is  provided  to  measure  the  fine  scale  lateral  and 
vertical  variations  in  the  winds  relative  to  the  HI-HICAT  vehicle.  The  re¬ 
sponse  of  the  vehicle,  in  turn,  to  long  scale  turbulence  wavelengths,  is 
measured  by  accelerometers,  and  rate  and  position  gyros.  The  reconnended  flow 
direction  sensor  is  a  one  axis,  servoed  Q-ball  design  similar  to  that  developed 
and  in  operation  on  the  X-15  research  aircraft.  The  high  supersonic  speeds  of 
the  HI-HICAT  vehicle  requires  that  extremely  small  variations  in  the  angle  of 
attack  and  sideslip  be  measured.  The  accuracy  attainable  with  the  overall 
system  depends  primarily  on  the  accuracy  of  the  flow  direction  measurements. 

The  Q-ball  design  described  herein  promises  accuracies  of  0.005  deg.  at  fre¬ 
quencies  from  1/20  to  7  cps.  The  overall  system  accuracy  is  0.01  deg.  for  the 
same  range  of  frequencies.  At  the  instrumentation  design  Mach  number  of  4  at 
70,000  feet  and  Mach  6  at  200,000  feet,  the  system  is  capable  of  measuring  an 
0.8  fps  rms  gust  at  wavelengths  from  400  to  78,000  feet  at  the  lower  speed  and 
a  1.0  fps  rms  gust  at  wavelengths  from  600  to  §4,000  feet  at  the  higher  speed 
and  altitude. 

The  instrumentation  system  is  designed  to  sample  20,  13-bit  words  simultane¬ 
ously  at  a  rate  of  40  per  second.  Two  of  the  20  channels  are  required  for  the 
angle  of  attack  since  the  measuring  range  will-  be  greater  than  the 
capability  of  a  single  channel.  Both  on-board  recording  and  telemetering  of 
data  are  considered  in  the  design,  and  both  functions  can  be  provided  on  a 
single  flight,  if  desired.  The  magnetic  tape  recorder  has  a  capacity  greater 
than  13  million  bits,  sufficient  for  15-mxnute  flights.  .The  telemetering  in¬ 
cludes  a  5-watt  transmitter  and  a  slot  or  flush  cavity  antenna. 

A  total  system  cost  of  27,  53  and  80  million  dollars  is  estimated  for  either 
the  parawing  or  the  lifting  body  vehicle  for  50>  500  and  1000  flights,  respec¬ 
tively.  These  figures  include  developing,  testing,  engineering,  production 
and  operating  costs,  but  do  not  include  the  cost  of  research  on  the  parawing. 
Since  the  technology  for  supersonic  parawings  is  poorly  developed,  a  20-month 
additional  research  program  must  be  completed  before  a  go-ahead  can  be  author¬ 
ized  for  a  HI-HICAT  parawing  system,  at  a  cost  of  two  million,  dollars. 

Three  views  of  the  parawing  and  the  lifting  body  systems  are  presented  in 
Figures  3  and  4.  The  major  design  parameters  and  features  are  described  in 
Table  1. 
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FIGURE  3„  LIFTING  BODY  VEHICLE,  THREE  VIEW 


TABLE  1 

SIH4ART  OP  SISTH4  DESIGN  FEATURES 


Lifting 

Body 

Large 

Barawing 

Weight 

Pull 

3262  lb 

2873  Lb 

Bnprty 

1157  lb 

1036  Lb 

Airframe 

Length 

21  ft  7.5  in. 

25  ft  4  in. 

Span 

6  ft  10  in. 

27  ft  6  in. 

Height 

2  ft  1  in. 

4  ft  11  in. 

Planform  area 

78.5  sq  ft 

190  sq  ft 

Leading  edge  sweep 

8l  deg 

45  deg 

Leading  edge  diameter 

3  in. 

4  in.  (minimum) 

Q-ball  diameter 

2.5  in. 

2.5  in. 

Primary  structural  material 

Ti  '6A1-4V  titanium 
and  Inconel  Alloy 
718 

Ti-6Al-4v  titanium 
and  Inconel  Alloy 
718 

Propellant  and  Propulsion  System 

Type 

Fuel 

Oxidizer 

Mixture  ratio  (oxidizer-to-fuel 
•weight  ratio) 

Expansion  area  ratio 

Boost  engine 

Sustainer  engine 

Maximum  thrust 

Pressurization  and  Cooling  System 
Type 

Helium  tank  pressure 
Recovery  System 
Type 


Either  System 

Eight  clustered  P4-1 
liquid  rocliet  chambers 

Hydyne  MAF  4 

IRENA. 

3.0:1 

14.0:1 

23-5:1 

5660  lb  (lifting  body  -  1^0,000  ft) 
4935  lb  (parawing-  200,000  ft) 

Cyrogenic  helium 
1000  psia 

Two  stage  parachute 
followed  by  air  snatch 


TABLE  1  (Concluded) 


Command  and  Control  System 
Type 

Controls 

Instrumentation 

Type 

Flow  direction,  sensor 
Data  handling 

Data  channels 

Samples  per  second  per  channel 
Capacity 


Either  System 

Inertial  navigator  with 
"ground"  control  override 

Aerodynamic  surfaces,  engine 
throttle,  engine  shutoff, 
and  recovery  initiation 

PCM  (digital) 

One -axis  servoed  Q-ball 

On-hoard  magnetic  tape 
recording  and  telemetering 

20 

40 

Greater  than  13  x  10^  hits 


a 
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SECTION  3 

CONFIGURATION  EVALUATION 


This  section  is  concerned  with  the  identification  and  cooperative  evaluation  of 
the  possible  configuration  candidates  for  carrying  the  instrumentation  package 
through  its  mission.  Also  included  in  this  section  is  the  selection  of  the 
various  supporting  systems  for  propulsion,  launch  and  recovery. 

3.1  MISSION  PROFILE  DEFINITION 

Fundamental  to  selecting  a  vehicle  configuration  is  the  definition  of  the  per¬ 
formance  requirements.  The  HI-HICAT  vehicle  must  be  capable  of  cruising  hori¬ 
zontally  for  a  distance  of  350  miles  at  all.  altitudes  between  70,000  aud  200,000 
feet.  The  complete  profile  may  be  broken  down  into  the  following  phases  (See 
Figure  2):  (1)  launch,  (2)  boost,  (3)  cruise,  (4)  deceleration,  (5)  glide  and 

(6)  recovery.  The  configuration  cf  the  HI-HICAT  vehicle  will  be  directly 
affected  by  the  approach  selected  for  the  first  three  of  tLese  mission  phases 
and  only  indirectly  affected  by  the  other  flight  phases.  The  discussion  in 
this  section,  therefore,  will  cover  the  first  three  phases  only  since  only  a 
preliminary  defining  of  the  HI-HICAT  mission  is  intended. 

For  purposes  of  completing  the  definition  of  the  HI-HICAT  vehicle  mission  pro¬ 
file,  a  preliminary  estimate  of  the  cruise  velocities  was  mads.  Figure  5  is  a 
plot  of  dynamic  pressure  (q  =  W/S  where  q  is  the  dynamic  pressure,  W/S  the  wing 

°L 

loading  and  Cj,  the  lift  coefficient).  At  the  highest  altitudes  the  highest 
lift  coefficients  will  be  required  and  a  maximum  for  design  would  bt  expected 
to  be  roughly  0.5  for  supersonic  cruise,  it  may  be  3een  from  Figure  5  that 
high  supersonic  speeds  are  a  must  in  spite  of  the  thermodynamic  problems  that 
will  be  encountered.  For  example,  even  at  Mach  6  at  200,000-  feet  a  wing  load¬ 
ing  of  only  5  will  be  required  at  a  Cj,  of  0.5,  an  unusually  lew  value.  (It  will 
be  shown  later  that  speeds  much  greater  than  Mach  6  result  in  excessive  mater¬ 
ial  temperatures.) 

At  low  altitudes,  low  speeds  are  favored  to  reduce  the  variation  in  the  range 
of  cruising  Cj-  's  with  a  consequent  improvement  in  the  lift-to-drag  ratios. 

Subsonic  speeds  are  unlikely,  however,  because  the  longitudinal  trim  require¬ 
ments  are  simplifies.  by  the  constancy  of  the  aerodynamic  moments  at  supersonic 
speeds.  Also,  any  gain  in  lift-to-drag  ratio  may  be  offset  by  the  greater  fuel 
consumption,  per  mile,  of  a  rocket.  (The  reasons  for  choosing  a  rocket  engine 
are  discussed  in  Section  3.1*3. )  And  finally,  the  flight  time  is  shortened  at 
supersonic  speed  by  a  n’zmber  of  minutes  with  a  consequent  reduction  in  the  size 
of  secondary  power  sources. 

3.1.1  Launch 

Two  launch  methods  were  considered,  ground  launch  and  air  launch.  Air 
launch  is  recommended.  A  major  disadvantage  of  ground  launch  for  the  large 
number  of  flights  to  be  considered  (up  to  1000)  is  the  necessity  of  using  a 
booster  for  each  launch.  The  booster  cannot  be  made  recoverable  and 
reusable  in  any  practical  manner.  Thus,  the  cost  of  a  new  booster  would  be 
incurred  for  each  flight.  Analyses  of  booster  costs  indicate  that  these 
would  probably  be  nearly  50  percent  of  the  total  operational  cost  of  each 
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FIGURE  5.  DYNAMIC  PRESSURE 
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flight.  Another  major  problem  associated  vith  ground  launch  is  the  high 
accelerations  and  high  dynamic  pressures  placed  on  the  vehicle  and  instrumenta¬ 
tion  during  the  low  altitude  boost  portion  of  the  mission. 

By  launching  the  HI-HICAT  vehicle  from  an  aircraft  at  high  altitude,  the  above 
stated  problems  can  be  greatly  reduced  or  eliminated.  launch  costs  are  much 
less  since  the  launch  aircraft  is  reusable.  The  loads  imposed  on  the  HI-HICAT 
sy steas  during  aircraft  climb-to-altitude  are  also  much  less  than  those  for 
ground  launch.  Other  advantages  of  air  launch  over  ground  launch  are: 

1.  Reduction  in  the  velocity  increment  required  for  boost. 

2.  Seduction  in  drag  losses  during  boost. 

3>  Mobile,  worldwide  launching  platform. 

4.  High  reliability  of  an  aircraft  compared  to  a  booster. 

5.  Fewer  launch  site  restrictions. 

An  air  launch  is  not  without  its  disadvantages.  Typically: 

1.  The  vehicle  is  subject  to  buffeting  and  vibration  before  launch. 

2.  Tests  must  be  conducted  to  verify  that  the  launch  aircraft  and  HI-HICAT 
vehicle  combination  possess  satisfactory  flight  qualities,  performance 
and  launch  characteristics. 

Experience  with  other  programs  indicates  the  advantages  of  an  air  launch 
outweigh  the  disadvantages  if  a  large  number  of  launches  are  contemplated. 
Typical  of  past  and  present  programs  with  repeating  air  launches  are  the 
X-15  research  aircraft,  the  X-7  ramjet  research  vehicle  and  the  AQM-37A 
target  drone. 

3.1.2  Boost 

Two  HI-HICAT  vehicle  boost/cruise  configurations  were  studied;  a  one-stage 
system  and  a  two-stage  system.  In  the  one-stage  system  the  booster  is  an 
integral  part  of  the  cruise  vehicle.  The  booster  is  reusable  and  is  recovered 
with  the  cruise  vehicle.  In  the  two-stage  system  the  booster  is  ejected  from 
the  -'raise  vehicle  prior  to  cruise  flight.  The  booster  can  then  either  be 
recovered  or  expended. 

The  expendable  booster  suffers  from  many  of  the  same  handicaps  as  those 
previously  enumerated  for  a  ground  launch  booster  and  is  not  considered  to 
be  practical.  Figure  6  presents  a  plot  c£  the  bare  motor  costs  for  solid 
propellant  rockets.  The  band  shown  covers  the  range  from  a  low  production, 
conservative  estimate  to  a  high  production,  optimistic  estimate.  The  curve 
is  based  on  unsophisticated  motors  and  excludes  the  costs  of  other  expendable 
items  such  as  tail  fins  or  interstage  assemblies.  For  a  two-stage  rocket- 
powered  cruise  vehicle  weighing  from  1000  to  1500  pounds  cruising  at  speeds 
from  Mach  4  to  6,  a  total  impulse  of  roughly  500,000  lb-sec  is  required.  It 
is  evident  that  booster  costs  wou_d  be  between  $9000  and  $25,000  per  launch 
just  for  the  bare  motor  alone.  This  cost  is  excessive  for  a  program  in  which 
as  many  as  1000  missions  are  contemplated. 

The  recoverable  booster  must  be  reusable  in  order  to  justify  recovering  it. 

This  Implies  that  it  uses  liquid  rockets.  Reusable  solid  rockets  have  not 
been  sufficiently  developed  to  consider  them  for  the  HI-HICAT  program.  This 
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FIGURE  6.  BARE  MOTOR  COSTS  FOR  SOLID  PROPELLANT  ROCKETS 


fact  also  applies  to  the  one-stage  booster  rockets.  Thus  both  the  one-stage 
and  two-stage  systems  would  use  liquid  propulsion. 

The  primary  advantage  of  the  two-stage  system  in  which  the  booster  is  released' 
prior  to  cruise,  is  the  reduced  weight  to  be  carried  during  cruise.  This  in 
turn  reduces  the  requirements  on  the  vehicle  design  and  propulsion  system, 
resulting  in,  perhaps,  lower  one-time  and  recurring  costs  than  those  of  a 
one-stage  system.  ‘  However,  counteracting  this  possible  advantage  is  the 
added  cost  and  complexity  of  providing  a  separate  recovery  system  for  the 
booster.  The  liquid  propulsion  one-stage  boost-cruise  system  is  thus 
recommended  cn  the  basis  of  simplicity  and  reliability. 

3.1.3  Cruise 

A  liquid  rocket  engine  system  for  the  cruise  vehicle  is  included  in  the 
recommended  HX-HICAT  system.  The  justification  for  such  a  system  is  presented 
below  by  considering  the  arguments  for  rejecting  alternate  systems'. 

3. 1*3.1  No  Cruising  Engine:  Ballistic  Vehicles  and  Dynamic  Gliders 
It  is  possible  to  conceive  of  systems  wir'.oh  do  not  employ  propulsion  for 
cruising.  Two  such  possibilities  are  described  below: 

1.  A  ballistic  vehicle  could  make  measurements  as  it  went  over  the  top  of 
its  trajectory.  A  range  of  50  miles  could  be  obtained  with  an  altitude 
variation  of  less  than  *5000  feet  for  an  apogean  speed  of  5320  fps. 

2.  A  concept  of  greater  complexity'  is  a  glider  which  would  be  boosted  up 
to  the  desired  altitude.  At  that  point,  the  guidance  and  control 
system  would  pitch  up  the  vehicle  to  a  lifting  attitude.  The  vehicle 
then  would  become  a  dynamic  glider  and  be  controlled  to  decelerate  at 
altitude  until  the  maximum  usable  lift  was  obtained.  The  deceleration 
range  would  be  of  the  order  of  100  miles  for  the  same  apogean  speed 
given  above  for  the  ballistic  vehicle. 

These  concepts  are  best  compered  to  a  two-stage  cruising  vehicle  with  the  same 
type  of  booster  unit  for  the  first  stage.  For  such  a  vehicle  the  range  would 
he  greater  than  350  miles  and  the  weight  would  be  roughly  14-00  pounds.  The 
weights  of  the  pure  ballistic  vehicle  and  the  dynamic  glider  are  estimated  at 
200  to  400  pounds,  respectively.  Hence,  all  three  vehicles  have  a  weight-to- 
range  ratio  of  roughly  four.  The  cost  per  data  mile  would  be  less,  therefore, 
for  the  larger  vehicle  because  the  cost  of  boosting  a  pound  goes  down  as  the 
vehicle  weight  goes  up.  Admittedly,  the  lack  of  a  wing,  a  cruise  powerplant, 
a  fuel  system  and  a  complex  guidance  and  control  system  causes  the  purely 
ballistic  vehicle  to  look  attractive.  No  savings  can  be  effected  for 
instrumentation,  however,  a  major  cost  element.  Consideration  of  the  need 
for  a  large  number  of  data  miles  for  turbulence  statistics  leads  to  the 
conclusion  that  a  cruising  vehicle  will  result  in  a  lower  cost  per  data 
mile.  Another  factor  is  that  all  the  vehicles  discussed  here  are  two-stage 
vehicles.  The  arguments  in  favor  of  discarding  all  types  of  two -stage 
vehicles  were  presented  in  Section  3*1.2 

3.1. 3 «2  Air-breathing  Powerplant b 

A  ramjet  could  greatly  increase  the  range  of  a  HI-HICAT  vehicle,  as  compered 
to  a  rocket,  over  a  band  of  altitudes  centering  around  the  design  altitude. 
Although  a  reduction  in  operating  costs  is  probable,  the  cost  of  developing 
a  new  ramjet  design  solely  for  the  HI-HICAT  vehicle  is  excessive.  In 
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comparison,  a  rocket  does  not  have  an  operating  ceiling  and  is  the  only- 
engine  vhich  is  feasible  at  the  highest  altitudes  of  interest. 


A  -word  should  be  said  about  air  augnentatlon  for  a  rocket  engine,  vhich 
could  raise  the  specific  impulse  30  "to  50  percent  for  practical  levels  of 
air  scooping  (Reference  2).  It  remains  to  be  demonstrated  that  the  theoreti¬ 
cal  gains  can  be  achieved  in  a  practical  flying  system.  Also,  a  disadvantage 
exists  in  that  different  size  scoops  would  be  required  for  different 
altitudes.  Ai-  augmentation  is  best  considered  for  a  possible  future  improve¬ 
ment  of  the  basic  EE-EECAT  vehicle  after  the  initial  development  is  completed. 

3. 1.3. 3  Solid  Rockets 

Very  slow  burning  solid  rockets  have  not  been  widely  developed.  Add  to  this 
the  desire  for  reuse  and  throttling  and  it  is  apparent  the  cruise  motor  should 
not  he  a  solid  rocket. 

3-1. 3. 4  Liquid  Rockets 

The  recommended  propulsion  for  the  cruise  vehicle  is  a  liquid  rocket.  This 
is  the  only  practical  system  for  meeting  the  requirements  of  long  range 
(350  miles)  flight  at  nearly  constant  altitude.  As  will  be  shown  in  Section 
3»3>  a  propulsion  system  can  he  built  up  with  relative  ease  from  the 
technology  of  a  system  already  in  existence,  the  LR64— KA-4  liquid  rocket 
engine. 

3.2  EXTERNAL  CONFIGURATION  ANALYSIS 

There  are  a  large  number  of  lifting  configurations  which  can  he  conceived 
for  the  HI-EECAT  vehicle.  They  fall  under  two  broad  categories:  rigid  and 
expandable.  Expandable  configurations  are  of  interest  since  a  very  large 
wing  area  is  desirable  for  flight  at  200,000  feet.  The  maximum  dynamic 
pressure  during  boost  will  be  two  orders  of  magnitude  greater  than  the 
dynamic  pressure  during  cruise  at  200,000  feet.  Such  a  large  wing  cannot  he 
made  structurally  strong  enough  to  survive  the  dynamic  pressures  which  will 
he  encountered  during  boost.  Somehow  the  wing  must  he  retracted  or  folded 
into  a  compact  shape  for  boosting.  However,  rigid  shapes  are  not  to  he 
neglected.  Moderately  low  wing  loading  will  exist  for  shapes  such  as  the 
lifting  body  and  these  configurations  are  usually  easier  to  protect  from  the 
thermal  environment. 

Only  aerodynamic  controls  will  he  considered  for  any  type  of  lifting 
configuration.  If  a  configuration  is  capable  of  generating  enough  lift  to 
support  itself,  then  it  is  reasonable  to  expect  that  aerodynamic  controls 
can  he  designed  which  will  achieye  satisfactory  pitching,  rolling  or  yawing 
moments  without  recourse  to  reaction  controls.  Reaction  controls  sire  not 
really  feasible  for  the  HI-EECAT  vehicle.  The  necessity  for  maintaining 
trim  would  put  a  steady  drain  on  the  propellants  for  the  control  jet  smd 
the  propellant  weights  would  tecane  totally  unrealistic.  A  variation  of 
the  reaction  control  concept  is  to  BWivel  the  rocket  engine  but  since  a 
portion  of  the  mission  is  with  power  off,  this  variation  must  also  he 
rejected. 


20 


aaaWMt  i’.  »<ithn’h  m  i  ......... 


3.2.1  Expanding  Wings 

Harqr  concepts  have;  been,  suggested  In  the  literature  but  the  only  one  which  has 
been  tested  at  supersonic-  speeds  to  any  extent  is  the  parawing.  These  concepts 
include  inflatable  shape s  with  an- upper  and.  lover  surface:  shapes  which  are 
pressurised  by  a  gas  or- filled  with  a  quick  setting  foa*.  Research  is  at  a 
very  early  stage  on  these  ideas  and  this  study  will  not  attempt  to  establish 
which  concepts  are  practical  or  even  feasible. 

Also  within-,  the  class  of  expandable  structures  are  the  mechanically  folding 
wings.  Unfortunately,  a  wing  of  very  large  area  will  require  a  number  of 
hinge  lines  or  hinge  axes  in  order  to  fold  within  a  roughly  cylindrical  shape 
for  boosting.  Such  structures  are  not  practical  for  this  application. 

The  parawing,  then,  appears  to  be  the  most  practical  expanding  structure  for 
flight  at  highsupersonic  or  hypersonic  speeds  and  high  altitudes*.  The.  typi¬ 
cal  reaving,  consists  of  a  two-lobe,  sail,a  keel,  two  leading  edge  booms  and 
two  spreader  bars.  Die  keel,  the  booms  and  the  spreader  bars  can  be  inflat¬ 
able  columns,  but  such  a  structure  is  not  desirable  for  the  HI -HI  CAT  mission. 
The  ^diameter  of  inflatable  leading  edge  bootns.  must,  be  large  in  order  to  with¬ 
stand  bending  loads  but  large  diameters  result  in  a  high  drag  configuration. 
With  rigid  booms,  diameters  of  a  few  inches  are  practical  which  is  about  the 
size;.desirable  from  a  thermodynamic  standpoint;  A  parawing  design  with  rigid 
leading  edge?  booms,  is  ..studied  in 'detail  herein  .and  will  be  shown  to  be  of 
reasonable  .weight  .  • 

:  v  •  to.  .  -  ' 

It  is  desirable;  in  the  -interest  of.  structural  simplicity,  to  avoid  a  separate 
tail  for  control.  ■  ;To  achieve  roll  control,  a  pair  of  actuators  could  function 
as  controllable  spreader  bars  by  differentially  varying. the. sweep  of  the  lead¬ 
ing  edge -.booms ,  Longitudinal  control  is  more  difficult  and  uncertain,  unfor¬ 
tunately..;  Reference  3  considers  the  possibility' of  installing  cables  which 
pass  through  a  tube  along  the  trailing  edge  of  the  sail.  These  cables  could 
be  reeled  in  or  out  to  vary  the  camber  of  the  parawing  and  hence  generate  a 
varying  pitching  moment.  Such  a  type  of  control  is  a  distinct  possibility, 
but  this  unusual  concept  requires  research.  In  the  interest  of  providing  an 
aerodynamic  control  system  which  requires  no  research,  a  separate  tail  is  pro¬ 
vided  with  both  a  horizontal  and  ;a  vertical  surface .  Such  a  tail  can  provide 
independent  control  about  all  three  axes  and  allows  the  guidance  system  the 
greatest  possible  flexibility.  .  - 

Rapid  control  movements  are  possible  by  utilizing  tail  surfaces  of  a  delta 
planform  which  have  a  relatively  fixed  center  of  pressure  and  by  rotating  the 
entire  control  surface  about  a  line  that  passes  close  to  the  center  of.  pres¬ 
sure.  Low  hinge  moments  result  and  small  actuators  will  respond  rapidly 
enough  to  control  the  dynamic- motions  of  the  HI -HI  CAT  .vehicle. 

The  fuselage  of  the  parawing  vehicle  studied  herein,  is  a  cylinder  with  a 
conical  nose  for  structural:  simplicity.  A  nose  .fineness  ratio  of  about  four 
to  one  was  chosen.  A  longer  nose  could  be  used  which  would  reduce  the  drag 
at  zero  lift  slightly,  but  if;  the  nose  is  much  longer  seme  of  the-  propellant 
would  have' to  be  stored  in  the,  nose- in  a.  tapered  tank,  an  undesirable  struc¬ 
ture,  since  tank  walls  of  varying  thickness  are  required  for  minimum  weight. 


One  vertical  toil  mounted  on  the  underside  of  the  fuselage  is  used  in  the 
parawing  vehicle  studied  herein.  T- tails  would  be  structurally  difficult  for 
the  thermal  environment  to  be  encountered  and  only  a  alight  reduction,  if  any, 
in  drag  would  be  expected  at  high  supersonic  speeds.  The  vertical  tail  must 
be  located  on  the  underside  of  the  fuselage  instead  of  the  upper  since  at  hyper¬ 
sonic  speeds  a  dynamic  pressure  "shadow*1  exists  above  the  fuselage  at  high 
angles  of  attack. 

Drawings  of  the  proposed  parawing  configuration  are  presented  in  Figures  4,  7> 
and  8. 


3.2.2  Fixed  Wings 

A  separate  tail  does  not  appear  to  be  needed  for  a  fixed  configuration.  Many 
lifting  bodies,  planar  bodies,  etc.,  as  voll  as  existing  supersonic  designs, 
have  done  wen  without  'a  horizontal  tail  and  with  only  one  or  two  vertical 
fins. 

The  next  consideration  to  shape  the  HI-HICAT  vehicle  is  the  observation  that 
vehicles  designed  for  high  supersonic  speeds  characteristically  have  a  wing  of 
high  sweep.  Low  sweep  designs  are  conceivable,  but  the  wing  must  be  so  thin 
that  it  cannot  contain  an  appreciable  amount .  of  propellants.  For  a  HI-HICAT 
vehicle  striving  for  maximum  range,  designs  featuring  large  internal  volumes 
are  desirable  and  for  this,  lifting  body  designs  are  eminently  suitable. 

Lifting  body  designs  are  being  pursued  vigorously  and  shapes  having  more 
favorable  lift-to-drag  ratios  are  expected  to  be  generated.  A  development 
program  leading  to  the  production  of  HI-HICAT  systems  would  be  expected  to 
allow  for  a  complete  search  of  the  latest  available  data  and  to  also  allow  for 
a  moderate  amount  of  wind  tunnel  tests  on  related  shapes.  Such  a  program 
should  result  in  a  shape  of  near  optimum  efficiency.  The  shape  studied  in  de¬ 
tail  herein  is  presented  in  Figure  3. 

3.2.3  Existing  Vehicles 

Two  vehicles  already  exist  which  would  be  feasible  at  the  lower  altitudes  of 
interest.  Unmanned  designs  were  evolved  in  this  btudy  because  manned  designs 
are  exceedingly  complex  and  such  vehicles  will  not  be  available  in  the  near 
future  for  flight  at  the  higher  HI-HICAT  altitudes.  However,  a  prime  candidate 
is  the  YF-12A  aircraft  at  the  lower  HI-HICAT  altitudes.  It  is  capable  of 
ranges  many  times  greater  than  that  for  unmanned  configurations  of  reasonable 
size.  Much  of  the  instrumentation  used  for  other  turbulence  programs  might  be 
adaptable.  Obviously,  it  could  generate  data  at  much  lower  costs  at  its 
operating  altitudes.  Unfortunately,  security  prevents  a  detailing  of  the  per¬ 
formance  of  this  aircraft.  Also,  there  is  a  question  as  to  the  availability 
of  this  aircraft  for  turbulence  research. 

The  other  vehicle  is  the  AQM-37A  drone  which  is  capable  of  speed  and  altitude 
beyond  Mach  3  and  100,000  feet.  Its  use  at  the  lower  altitudes  is  discouraged 
by  a  range  considerably  less  than  the  desired  350  miles,  by  a  small  payload 
capability,  and  by  the  superiority  of  the  YF-12A  vehicle  for  the  HI-HICAT 
mission. 
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FIGURE  8.  PARAWING  ASSEMBLY 


3.3  PROPULSION  SYSTEM 
3.3.1  System  Description 

The  proposed  propulsion  system  for  the  HI-HICAT  vehicle  utilizes,  wherever 
possible,  components  of  the  AR-2  and  the  LR64-NA-4  (Rocketdyne  Model  P4-1) 
propulsion  system  "or  modifications  thereof.  The  LR64-NA-4  rocket  engine  is 
used  in  the  Navy  AQM-37A  target  missile  and  has  completed  over  300  flights. 

The  propulsion  system  consists  of  a  cluster  of  eight  LR64-NA-4  regeneratively- 
cooled  thrust  chambers  with  increased  area  expansion  ratio  and  a  storable 
propellant  feed  system.  Modifications  to  some  of  the  control  components  is 
necessary  to  maintain  low  pressure  drop  in  the  propellant  feed  system  with 
the  required  higher  propellant  flow  rates.  Figure  9  is  a  schematic  of  the 
complete  propulsion  system  for  the  lifting  body  vehicle.  The  weight  penalty 
associated  with  highly-pressurized,  noncylindrical  propellant  tanks  is  too 
severe  for  the  lifting  body  vehicle  and  a  turbopump  propellant  feed  system 
has  been  added.  The  propellants  are  IRFNA  and  MAF-4  (oxidizer  and  fuel, 
respectively) ,  and  the  pressurant  is  gaseous  helium.  The  propulsion  system 
is  divided  into  two  modules,  the  rocket  engine  assembly  module  and  the 
propellant  feed  system  module. 

The  integrated  rocket  engine  assembly  module  consists  of  a  cluster  of  eight 
thrust  chambers,  an  engine  mount,  two  boost  valves  (one  each,  oxidizer  and 
fuel),  two  sustainer  valves,  a  propellant  manifold,  an  engine  electronic 
control  package,  and  an  electrical  cable  assembly.  The  module  is  identical 
for  either  the  parawing  or  the  lifting  body  system  except  that  a  throttle 
valve  is  added  to  modulate  the  sustainer  engine  on  the  parawing  vehicle. 

The  throttle  for  the  lifting  body  vehicle  is  part  of  the  turbopump  assembly 
and  modulates  the  sustainer  engine  indirectly  by  modulating  the  turbopump. 

The  integrated  propellant  feed  system  module  for  either  vehicle  includes  a 
fuel  and  oxidizer  tank  assembly,  two  propellant  valves,  two  burst  diaphragms, 
a  pressure  relief  valve,  and  a  start  valve.  For  the  lifting  body  vehicle, 
the  propellant  feed  system  module  also  includes  a  turbopump  assembly  which 
consists  of  a  turbopump ,  a  gas  generator,  two  gas  generator  valves,  and  a 
gas  generator  throttling  valve. 

Propulsion  system  operation  for  the  lifting  body  will  be  conducted  in  the 
following  sequence: 

1.  System  Arming.  Upon  receipt  of  the  arming  signal  from  the  aircraft, 
the  electronic  package  will  arm  the  firing  circuits.  After  the  firing 
circuits  are  armed,  a  signal  will  be  sent  to  the  aircraft  to  indicate 
that  the  system  is  armed  arid  the  propulsion  system  is  ready  for 
vehicle  launch. 

2.  Propulsion  System  Pressurizing.  After  launch  the  start  valve  will  be 
actuated,  gaseous  helium  will  flow  through  the  pressure  regulator  and 
check  valves,  rupture  the  burst  diaphragms,  and  pressurize  the 
propellant  tank. 

3.  Propulsion  System  Start.  Upon  receipt  of  the  propulsion  start 
command  signal,  the  main  propellant  valves  are  actuated  and  propellants 
flow  to  the  gas  generator.  One  second  after  the  turbopump  starts  to 
accelerate,  the  booster  and  sustainer  propellant  valves  are  actuated 
and  propellants  flow  to  all  thrust  chambers.  The  time  required  to 
achieve  90  percent  rated  thrust  is  two  to  four  seconds  after  actuation 
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at  tie  start  njm.  Tbe.gas-  generator  throttling:  valrea  and  the 
coeiral  sj-stm  sill  regulate  jcwr  to  the  turbine.  Jar  the  pressure- 
fed  paraeiag  jrojdslcn.  qntat,  thestart  sequence  consists  only  of 
sdat!iac  the  propellant  salves. 

Boost  EeradastioB-  ¥bm  the  desired  boost  operating  tine  has  been 
achieved,  a  boost  tersdmticn  signal  -sill  be  received  freer  the  vehicle 
caetrol  system  by  the  electronic  control  package.  The  electronic 
control  jacregr  sill  close  the  boost  valves.  The  thrust  froa  the 
booster  thrust  dashers  -sill  decay  to  zero  and  the  sustainer  thrust 
rHaafrrr  mill  continue  to  operate  at  the  thrust  level  cosaacded. 

5-  ftartaiarr  SnefastlflB.  After  boost  termination,  the  sustainer  thrust 
*’?— '***’*•  Bill  continue  to  operate  throughout  its  thrust  rang**  as  co— ended 
by  the  vehicle  flight  control  systea.  Tbe  sustainer  Till  operate  until 
propellant  depletion  or  until  cosssanded  to  teralnate  by  the  vehicle 
flight  control  system:.  If  ccesausded  to  terminate,  the  sustainer  and 
.gas  jpseratsr  valves  sill  close. 

6.  purging;  Sequence.  After  ail  the  thrust  daubers  have  shut  down  and 
prior  to  the  initiation  of  the  parachute  recovery  sequence,  the 
electronic  control  package  initiates  and  controls  a  purging  sequence, 
first  the  pressurizing  start  valve  is  closed  and  the  fuel  oxidizer 
valves  ore  opened  fer  a  time  sufficient  to  empty  tbe  tank  and  plumbing 
and  to  redye  the  pressure  in  the  tazdc  to  one  atmosphere.  After  the 
oxidizer  valves  dose,  the  fuel  systek  is  purged  in  a  similar  manner. 

3.J5  gysten  Performance 

performance  salaries,  figures  10  to  13,  have  been  prepared  for  the 
prgTguixfaB  system  operating  during  the  boost  phase  and  during  the  susxauu 
phase.  It  mill  be  shone  in  Section  5*2.1  that  eight  rocket  chambers  result 
is  sear  cpfcSatsc  boost  performance.  Only  one  sustainer  is  considered  in  the 
present  analysis  but  two  may  be  required  for  cruising  at  very  high  or  vary 
lov  5I-ZrCfc?g  altitudes. 

Socket  engine  performance  w  determined  from  P4-1  production  verification 
tests.  These  tests,  which  simulate  AGfl-JfA  target  sissile  flight  mission 
duty  cycle  at  aabient  conditions,  have  been  performed  on  62  P4-1  propulsion 
systems.  Booster  performance  generated  during  these  tests  ass  extrapolated 
to  altitude  conditions  vith  tbe  larger  expansion  ratios  proposed  for  this 
HIrHICA?  system,  (fie  I%-I  booster  has  a  6.k:l  expansion  ratio. ) 

Specific  impulse  variations  during  sustainer  rocket  engine  throttling  are 
small.  Is  the  parawing  systen  the  throttle  valve  Till  be  designed  to 
mints Is  a  constant  mixture  ratio  to  the  thrust  chamber  throughout  the 
throttling- range,  theoretically,  specific  impulse  Till  increase  only  2 
seconds  for  mixture  rsticr  1m  2.3  to  3*2,  mrl  jrlll  increase  only  1  second 
fen  ;$*riber  prec^ure*  free  75  to  300  psia.  In  the  lifting  body  systes,  the 
K«pte  throttling  valve  Till  be  used  to  provide  a  mixture  ratio  of  0.08  to  the 
turbopoc?  gps  generator  and  to  control  sustain  thrust  as  commanded  by 
controlling  propellant  flow  to  the  gas  generator.-  Thrust  chamber  mixture 
ratio  -then  is  controlled  by  fixed  calibration  devices  downstream  of  tbe 
propellant  porp. 
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FIGURE  10.  PARAWING  VEHICLE  BOOSTER  PERFORMANCE 
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FIGURE  12.  LnT3^G  BODY  VEHICLE  BOOSTER  PERFORMANCE 


CHAMBER  PRESSURE  245  PSIA 

AMBIENT  TEMPERATURE  70°  F 
TOTAL  PROPELLANT  FLOW  2.  75  LB  PER  SEC 

MIXTURE  RATIO  3:1  i 

EXPANSION  RATIO  23.5if 
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FIGURE  13,  LIFTING  BODY  VEHICLE  SUSTAINER  EERFORMANCE 


The  propellant  flow  required  for  the  propulsion  system  with  a  turbopump 
installed  is  given  below? 


Thrust 

Number  of 

Chambers 

Firing 

Main  Propellant 

Flow  Rate 

(3*0  Mixture  Ratio) 

Gas  Generator 
Flow  Rate 

(0.08  Mixture  Ratio) 

5660  lb 

8 

22.02  lb  per  second 

0.622  lb  per  second 

595 

1 

2.280 

0.2905 

340 

1 

1.303 

0.0776 

During  sustainer  engine  throttling,  the  rocket  chamber  pressure  can  reduce 
to  86  psia  at  250  pounds  of  thrust.  The-, chamber  injector  inlet  pressure  at 
this  thrust  level  is  115  psia.  Referring  to  Figure  14,  the  maximum  propellant 
temperature  at  this  pressure  is  250°F  and  335*5*  for  the  oxidizer  and  fuel, 
respectively.  If  the  propellant  temperatures  exceed  these  temperature 
limits,  propellant  boiling  will  occur  and  the  propellant  injection  into  the 
thrust  chamber  will  be  two  phase  (gas  and  liquid).  The  two-phase  propellant 
injection  will  result  in  canbustion  instability  or  chugging.  The  oxidizer 
will  experience  a  110*F  temperature  rise  through  the  cooling  jacket.  There¬ 
fore,  the  maximum  propellant  inlet  temperature  of  the  rocket  engine  assembly 
must  be  maintained  at  less  than  l40°F.  The  fuel  temperature  is  not  as 
critical  to  combustion  instability  as  the  oxidizer.  However,  if  the  fuel 
temperature  is  allowed  to  vary  significantly  so  that  there  is  a  large 
differential  temperature,  the  mixture  ratio  will  vary  and  will  result  in  the 
premature  depletion  of  one  of  the  propellants. 

3.4  IAUNCH  SYSTEM 

The  launch  sequence  proceeds  by  the  pilot  entering  the  launch  maneuver  at  a 
given  speed,  altitude,  heading,  and  geographic  location.  He  then  pulls 
up  the  aircraft  through  the  preset  launch  attitude  angle  at  which  point  the 
HI-HICAT  vehicle  is  released  in  a  stable  attitude  from  the  launch  pylon 
with  the  guidance  and  control  equipment  in  operation.  The  launch  pylon  will 
contain  jettisoning  equipment  only  if  detail  analysis  or  tests  show  inadequate 
separation.  At  this  point,  a  trapeze  arrangement  which  drops  down  upon 
receipt  of  the  launch  command  appears  to  be  adequate.  Propellant  tank 
pressurization  and  propulsion  system  operation  begin  only  when  the  vehicle 
is  separated  from  the  parent  aircraft  by  a  distance  of  at  least  100  feet. 

The  F-4c  is  the  preferred  launch  aircraft.  It  has  a  large  store  carrying 
capacity  and  considerable  excess  thrust  in  the  supersonic  flight  regime  as 
compared  to  other  supersonic  fighters  in  the  Air  Force  and  Navy  inventory 
with  the  possible  exception  of  the  YF-12A  long  range  interceptor,  an  aircraft 
whose  performance  is  subject  to  extreme  security  and  whose  availability  is 
uncertain.  A  standard  centerline  store  for  the  F-4c  is  a  600  gallon  tank 
which  is  easily  accelerated  to  high  supersonic  speeds.  The  drag  and  weight  of 
the  recommended  HI-HICAT  vehicle  is  less  than  for  this  store,  which  assures 
the  adequacy  of  the  F-4C  store  carrying  abilities.  Figures  15  and  16  are 
drawings  showing  ground  and  aircraft  clearances  with  the  proposed  HI-HICAT 
vehicles  installed.  Note  that  the  vertical  fin  of  the  parawing  vehicle  must 
be  folded  to  provide  ground  clearance.  The  hinge  line  is  canted  so  that 
aerodynamic  forces  can  force  the  fin  into  a  down  and  locked  position  before 
launch. 
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FIGURE  14.  VAPOR  PRESSURE 
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FIGURE  16.  LIFTING  VEHICLE  INSTALLATION  ON  F-4C 


A  larger  HI-HICAT  veMcle  with  a  somewhat  greater  range  could  hare  tees 
designed  for  a  supersonic  launch  free  the  B-58  tocher.  Hie  cost  of  operating 
this  aircraft  eliminated  it  free  further  consideration.  Studies  completed 
by  Booz -Allen  Research,  as  reported  in  Reference  b,f  generated  cost  figures 
for  a  B-58  bomber  operating  as  a  launch  platfom  for  a  high  altitude  probe. 

The  probe  has  a  Castor  rochet  as  a  first  stage  and  was  launched  at  a  speed 
of  2000  fps  and  an  altitude  of  40,000  feet.  Spread  crer  60  launches  tbs 
'cost  for  aircraft  maintenance,  fuel,  oil,  crew,  and  aircraft  codifications 
was  $l4,000  per  launch,  an  excessive  figure. 

The  F-4c  is  normally  equipped  with  the  devices  which  are  desirable  or 
necessary  for  an  air  launch.  The  aircraft  has  an  inertial  navigation  and 
attitude  reference  system  which  consists  of  two  separate  gyro  reference 
components  and  a  navigation  computer.  Hie  inercial  navigation  set  M/A SS-h8 
is  the  primary  azimuth  and  attitude  reference  device;  it  also  s implies 
direction,  velocity,  and  distance  inputs  to  the  navigation,  computer  AIf/ASS-48- 
The  AH/AJB-7  is  the  standby  attitude  reference  component  and  also  supplies 
information  for  various  bombing  maneuvers .  The  navigation  computer  receives 
inputs  from  either  the  inertial  navigation  set  or  the  air  data  computer. 

The  navigation  computer  system  makes  the  following  cocnutations  during 
flight: 

1.  Present  aircraft  latitude  and  longitude. 

2.  Aircraft  ground  track  angle  relative  to  magnetic  heading. 

3.  Aircraft  great  circle  distance  from  base. 

4.  Aircraft  great  circle  bearing  to  target  or  alternate  base. 

5.  Aircraft  ground  speed. 

The  bombing  computer  function  of  the  AH/AJB-T  includes  a  release  angle  control 
which  is  applicable  to  launching  the  EE-EECAT  vehicle.  The  low  angle  control 
can  be  set  to  angles  from  0  to  90  degrees  and  will  automatically  release  the 
store  at  the  preset  angle. 

3.5  RECOVERY  SYSTEM 

3*5«1  Design  Factors 

The  EE-EECAT  vehicle  is  designed  to  be  recovered.  Drone  type  vehicles  are 
sometimes  expendable  when  simple  on-board  equipment  and'  high  production  rates 
permit  low  unit  costs.  Unfortunately,  the  conditions  favoring  expandability 
do  not  apply  to  the  EE-EECAT  system.  Another  variation  of  the  expandability 
concept  is  to  recover  only  the  nose  cone  unit  with  the  instrumentation  and 
guidance  equipment  installed.  The  recovery  package  would  weigh  less,  hut 
otherwise  the  recovery  requirements  would  remain  the  same.  This  concept  of 
partial  expandability  is  also  rejected  since  the  cost  saving  in  reusing  all 
systems  is  believed  to  outweigh  the  disadvantage  o'5  increased  recovery  weight. 

Another  design  decision  which  was  faced  was  to  choose  between  a  parachute 
recovery  or  a  glide-down  followed  by  a  horizontal  landing.  Listed  below  are 
the  disadvantages  of  each  technique  compared  with  the  other. 

Horizontal  landings: 

1.  A  flare  is  required  just  before  touchdown  to  reduce  the  rate  of  descent 
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to  at  -saha*,,  S£so*  co  threat  is  milaHt,  the  approach 

and  ffSoal  aceSd  b*r*  t$  ha  caesfuSiy  and  pcacisaly  MntcrSad,  Hase 
dlffffgssSt  usTacjers  scc2i  racgsfre  a  gcidase*  and  central  sjartss  off 
grraily  fagsassed  gaagSaaity, 

2*  H*  lose  ggdSe-<£ nag  add  iiftbgredg  speeds  requires  ,.,3£!tgngaB  waigbt  in 
tbe  go wg  scppEy  ffer  tbe  tail  Kfetkn, 

3*  Ca^ijprxHoo  cosprodsw  sr*  mccirsd  to  aenffrre  proper  trim,  caps- 
b225S£i«  sod  jcdability  ffer  &  TtbScla  ffljfrg  at  both  socaaoic  sad 
sxpesMcxxdg  speeds, 

%,  ©Member  cr  reacts  cparstlcas  «cold  irtrcdcoe  antirely  scar  landing 
gcchlcas  sad  neaicy  riito. 

5-  Added  xwigfrt  ad  osapSaadL  4  off  n«*»*«*g  jmt. 


SkacSxsS*  neoweys 


•8.  Set  c^esSd  weight  is  higher. 

2-  J£r  ssstch  saepaxsiTe  sad  risiy  to  parscnael  sad  afrcrsfffc. 

3*  framing  aarst  be  |*ttiaec*d  sad  mgr  be  lost  (iff  installed). 

H*  (SSssSncta^pKB  ffer  s  bcrtaoctad.  landing  ere  oxsidtrad  to  cctweigb  those  ffer 
spcsrfhrts  r*ccM=yr. 


hedfSL  racopgy  fees  bees  dexalcpei  recently  t»  a  ffefr  de^ee  off  readability, 
Ssrfface  reaorary  from  land  cr  sea.  wedd  respite  sSSLt&ccaB  easipineTt  ffer  land¬ 
ing  tfhrcls  cr  ffSsSatjgo  sad  search  aids,  His  additisxal  weigh*  wrcld  be  snail 
sad  s  asrfng  in  naaoMry  caste  may  be  possible.  lbs  drTelspnert  xrirednlg  in- 
dbaaes  tests  far  betb  types  eff  recuwE/  sod  an  aceljrfs  afftsr  tbase  teats  as  to 
toe  preferred  iecbrfaae-  ?cr  tbs  pcrpiae  eff  tbds  praliainaey  design  steady,  %be 
mrSfehrie  has  been  designed  ffer  aerial  reerrery  with  cos  eff  toe  standard  systems 

^"’n  itc  rm  -S£®  C-13^  *nr3  s  psdbage  arvW^  *5  g. 

lorslfas’tinn  aid  ffer  the  rgcnpcrj  aircraft. 

H»  paraarirg  desfga  calls  ffer  the  wing  to  be  JetSSaened  beffere  tbs  dregas  ehete 
is  eSsctad,  He  Ef-ESSET  TehScle  csxct  be  loaded  aboard  tbs  recc«r cr/  «5r craft 
with  tbs  re.-TS.ff.Tg  jrrstaSlmd.  He  wing  sctcatcr  wcrild  be  lacked  cpra  and  tbe 
wing  weald.  fleet  cr  glide  doss  to  tbe  groend  to  be  resoereda  .rfirfcisbed  sad 
rsccsed. 


He  cocxdfrsSes  eff  £5e  SE-SEET  trajectory  most  be  estasHshed  accurately  is 
ordac  to  aaaerg  tbat  tbe  r Boeva:/  aircraft  is  ststioced  at  tbe  proper  latitude 
ad  locgitode.  He  lamed?  alrcsafft  scat  '<&rter  tbfi'  laocca  japecxgr  at  a  3cx*n 
latdtcde,  loagStadSe,  and.  flight  direction.;  a  eaadltiaa  sfcS.eb  will,  be  readily 
act  after  practise  and  witb  tbe  aid  eff  tbe  zsari^ticn  ecapcter  in  tbe  larc.cn 
aircraft,  Bcr^rzeccs  cadcclatiogai  will  giae  -Se  eanected  rarge.  Iff  tbe  de- 
taSlad  deafga  «5ies  i  rdf  ride  an  smtrtaisty  in  tbe”  length  eff  tine  that  tbe 
crcfse  engine  *  ?  >t3srate  beffere  psqpellsnb  ea&aca^tiscL,  then  a  goidacce  fftro- 

tioxa  abets  ccuq  t,  ngfne  at  a  pres^ected  range  afli^tly  less  teen  ssxfoirar. 

3-5*2  %^tar  Dr^cripffiin 

He  rac  rery  satrxzcs  will  be  ie&tusied  when  tee  rebdds  has  decelerated 
‘56ssh  1-5*  greet  win  ccccr  at  an  aliitede  eff  7^,000  to  93,CGD  ffeet, 

HJes  these  conditions  tbe  reesrery  ^rstes  conffdgnraffioin  will  be  gcremed 
pr.  eerily  by  tbe  aerial  piece?  gsgeSreaest,  %ace  linitations  call  ffer 
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eaapoaeaU  of  kick  specific  idbrnti,  there! y  limiting  Urn  urn  of  hardware 
krifoifor  ottir  fyw.  Aa  aerial  pichap  puMbsti  of  advaaood  design  la 
prupoasi  heeaoaa  toot  oaq^rteoo  with  this  design  hoo  rims  better  pmrformoom 
sad  grants r  reliability  tkaa  vlth  other  sash  yiti  ourreotly  la  aaa  or  under 
tr  im«  dmaiaa  la  atlll  atevlac  devolooMnt  ate  u  Air  forct 
MBhMt  for*  *  adverse!  Aerial  Is  cowry  -I frsisn%biitlt  has  edribited 
a>tla<lMto(7  ctincUiiatlea  to  hta, 

A  aartar  jajflfljulhapuhrta  of  provta  datly  la  propossd  far  dfJcipaant  of 
tho  «la  perecfcato  syotsa  at  am  altitude  of  000  foot.  the  Initial  eoodltioua 
of  Nab  JU5  at  oltltaioo  of  10,000  to  90,000  foot  whip  a  rolativaly  llgbb- 
aad  affloloat  rlhhoa  dnpa  design  to  ho  ill  11 1  lad  **  wtlaa  i^nade 
pressure  at  dsplopaeat  vnali  te  loop  than  15C  paf.  The  recovery  aoyiBto  Is 
depicted  la  flgare  17  (for  tho  parewing  vwfalels). 

Hmchdo  dspJopanat  sod  sparing  loads  aro  to  ho  tabu  at  hard  potato  located 
for  oaoagh  aft  of  tho  laUalo  center  of  gravity  to  nlatafia  hodlag  loads  and 
vehicle  gyrations.  Aftor  tho  aysUa  has  otahilisod  la  stood?  dooeoat,  tho 
transfer  of  tho  main  parachate  haraooo  attach— at  to  a  herd  point  soil  forward 
of  tho  eaotor  of  gravity  la  necessary  to  s sears  good  vehicle  towing  stability 
dhrlag  tho  aortal  to 00 vary  operation.  Farther  analysis  ts  aosdod  to  dotandao 
If  thaaa  hard  potato  earn  ha  eoavastaatly  locatod  an  oaa  at do  of  the  vahlds, 
or  ohothar  a  laaa  dsetrahia  aoao  ooaa  poeltloa-will  have  to  ho  used  to  hold 
tho  vehicle  la  a  stable  aorodpmade  trim  attitude  suitable  for  loth  stshlo 

aai  thsdLr  aoo  la  masoned  far  parpo aaa  of  this  mtmdy. 

imp*  fade  Is  ejected  * trough  aa  opening  la  tbs  aala  ruipurtnsnt  cover, 
deplxyueet  hag  la  atrlppod  off  tha  rannpy  ly  tha  aoaactue  ohtalaod  fins 
mortar  firing  aupMrtsi  ly  tha  snrnityeaiif  f  drag,  tha  dnpa  chats  drag 
orffl  cl  oat  tc  docslorato  tha  vokLels  to  a  torafaol  dyroalr  pressure  of 
appranrtaatoily  90  paf  at  ^,000  foot  for  naia  poraehnto  deployment. 

Poflnyoct  of  ttc  aris  cteU  srrtoi  i<  cffoctcOr  xaloiao  of  tho  drops 
chats,  tha  aala  chats  la  saasdar  with  a  65  pereeet  vent  and  a  rlngslot 
pichap  chats  Is  poattioaad  ah&ve  tho  aala  date  vast,  tha  aala  naepsrtean*. 
eovar  Is  ivklaai  by  tha  dropa  ralsaso  —  rhsalar  sad  factions  as  a  link  la 
tha  fcrldOUi  between  tha  drjpa  rissr  aad  tha  aalaHsplopniiat  hag.  Us  aala 
pact:  Is  extracted  from  tha  eoapartasat  ly  topw  chrU  drag,  tha  xeHsbiltty  of 
this  oparatloa  caa  possibly  ha  sahaaead  by  also  englnying  aa  ejector  lag  aadar 
tha  aala  pact,  loaavar,  aaa  of  aa  sjsetor  lag  Is- not  pcepoesd  oa  tho 
■rsiifTiia  that  a  detailed  design  study  would  show  the  flasl  pset-eooportovat 
gs easily  provldoo  a  sail  sfhctcoy  exit  path  without  it. 

tha  rosflsg  systaa  coasists  of  a  ririrt  roofing  line  with  four  sseoad  lias 
cottars  oa  tha  pichap  ecaoyy  aad  a  aala  canopy  skirt  reefing  lias  wdth  eight 
esonart  Has  cotters,  thoa  the  pichap  canopy  factions as  a  two-stage  drogao 
to  faring  tha  systaa  down  to  alov  rtynsatr  pros  cars  (shoot  5  paf)  at  tha  Has 
tha  atia  canopy  is  diarsefad  to  open  fally.  this  psgilts  a  vary  llgstasight 
aala  caaopy  otractars  to  ho  aaplsjnd  (with  snepsasinn  -lias  strength  determined 
ly  tho  nsarlai  pichap  lood). 
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FiaimE!  17.  RECOVERY  SEQUENCE 


The  sequence  controller  will  perfora  the  following  functions  for  the  recovery 
system  in  the  manner  stated: 

1.  ira  the  deployment  system  cfter  the  vehicle  has  passed  to  an  altitude 
above  the  recovery  initiation  altitude  by  receipt  of  a  signal  from 
the  HI -HI CAT  guidance  and  control  system. 

2.  Provide  sensing  of  the  predetermined  deployment  initiation  altitude 
with  a  taro switch. 

3.  Provide  an  electrical  signal  to  the  wing  release  device. 

4.  Provide  an  electrical  signal  to  the  drogue  mortar  pyrotechnic, 
initiating  it  shortly  after  the  wing  release  is  effected. 

5.  Provide  a  signal  for  activating  the  chaff  package. 

6.  Provide  a  six-second  time  delay  after  the  drogue  deploy  signal  to 
era  the  45, 000-foot  taro switch.  This  delay  assures  a  safe  level  of 
dynamic  pressure  for  the  rain  deployment  when  the  hero  switch  is  armed. 

7.  Provide  sensing  of  the  45,000  foot  altitude  point  with- a- taro  switch. 

8.  Provide  an  electrical  signal  to  the  drogue  disconnect  device  pyrotechnic, 
initiating  it,  releasing  the  main  parachute  compartment  door  and  deploy¬ 
ing  the  main  parachute  assembly. 

9.  After  parachute  deployment,  the  pickup  chute  reefing  line  cutter  will 
actuate,  disreefing  the  pickup  chute. 

10.  Cut  the  main  chute  reefing  line  after  the  pickup  chute  disreof,  allowing 
full  inflation  of  the  main  chute  assembly. 

11.  Provide  an  electrical  signal  to  the  main  chute  aft  section  release 
device,  actuating  it  and  transferring  the  parachute  attachment  to 
the  forward  attach  point. 

12.  Provide  an  electrical  signal  for  disconnecting  the  parachute,  should 
the  landing  occur  without  a  successful  aerial  pickup. 

The  sequence  controller  utilizes  extremely  rugged  end  reliable  pyrotechnic 
switches  to  achieve  both  the  electrical  switching  and  sequential  time  delays. 

To  further  enhance  reliability,  a  dual  system  is  employed  such  that  no  single 
malfunction  will  result  in  a  system  failure. 


The  power  supplies  consist  of  sealed  rechargeable  nickel-cadmium  batteries, 
one  for  each  of  the  redundant  sequence  controllers  to  assure  dependable 
operation  in  a  soac s  environment,  exact  recharging  capacities,,  and  long  shelf 
life. 


SECTION  4 

STRUCTURAL  AHALXSIS 

4.1  TKEEH3DIHAHICS 

4.1.1  Faraving  Vehicle 

A  rocket  powered  vehicle  suet  be  flown  at  high  speeds  to  maintain  flight  at 
extrsos  altitudes.  High  speeds,  however,  result  in  a  nultitude  of  thenso- 
dynaaic  pro  bless.  Table  2  indicates  the  rapid  rise  in  skin  tesperature  as 
the  cruising  Mach  master  is  increase!.  These  tenperatures  are  based  on 
radiation  equilihrius  for  an  insulated  surface  with  an  eaissivity  of  0.8,  end 
they  would  be  closely  approached  during  the  cruise.  It  is  evident  that  there 
will  be  a  tradeoff  between  a  high  speed  for  longer  ranges  and  a  low  speed  in 
order  to  reduce  the  theraocfrnaaic s  problems  to  a  ainimun. 

Hot  spots  will  exist  at  points  between  the  fuselage  the  parauing  where 
the  radiation  viewing  angles  are  restricted.  Unfortunately,  the  temperature 
environcent  for  coaplex  shapes  is  difficult  to  analyze.  “Hot**  tunnel  tests 
will  be  required  for  a  parawing  vehicle  which  ray  not  be  necessary  for  a 
lifting  body  vehicle. 

The  design  philosophy  being  followed  is  that  heat  shield  material  win  be 
used  on  a  few  critical  areas,  especially  the  titanita  leading  edge  boons  for 
the  parawing  and  the  hot  spots  between  the  fuselage  and  the  parewing.  This 
aaterial  can  be  either  passive  insulation  or  an  active  material  which 
undergoes  chemical  or  physical  changes  such  as  sublimation.  Detail  calcula¬ 
tions  relating  the  thickness  of  the  heat  shield  materials  to  the  cruiEe 
speed  have  not  been  attempted  in  this  study  and  are  best  delayed  until  the 
development  of  a  HT-HICAT  vehicle. 

To  aid  the  analysis  of  the  pressurization  aid  cooling  system,  the  temperatures 
along  the  fuselage  nose  core  were  detailed-for  the  most  adverse  cruise 
condition  that  is  likely  to  be  encountered.  The  paraving,  when  extended  at 

“W*®  tvy  /»»■»-?  eo  ^  4-U^  am  a  a«  UA  a.V. 

•*—  ■-  **^e»“**** “ *xr  VA  iw«y  vAAv«4w  wo  twtAvlo  <*w  cic*  vj;  avwcv&  eg 

as  40  degress  at  200, GOO  feet  at  Kach  6,  Tha  ccse  cone  sHt>  temperatures  for 
this  cssiltioB  are  riven  in  Figure  18  where  the  heating  rate  was  assumed  to 
vary  radially  according  to  Lee’s  larin^r  noting  distribution. 

4.1.2  Lifting  Body  Vehicle 

The  radiation  equilibrium  temperatures  for  a  lifting  body  are  presented  in 
Figure  19  for  Kach  3.0  at  70,000  feet  and  Kach  8.4  at  175,000  feet  which 
represent  two  extremes  in  the  flight  conditions.  It  is  evident  that  the 
temperatures  are  extremely  high  at  Kach  8.4  and  that  thin  speed  is  not  a 
practical  cruise  condition.  However,  compared  to  a  caravirg  vehicle,  the 
lifting  body  vehicle  ha3  advantages  which  vcul$  permit  higher  cruise  speeds. 
For  one,  it  is  a  configuration  for  which  a  large  amount  of  test  data  is 
available.  Hence  a  greater  degree  of  certainty  can  be  established  for  the 
magnitude  of  the  thermal  environment.  For  another,  there  are  no  hot  spots 
such  as  exist  beuwean  the  paraving  the  fuse  lege.  And  finally,  the  body 
shape  is  sore  compact  and  it  can  be  protected  core  readily  with  heat  shield 
materials. 
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TABLES  2 


EI-HJGA3?  PARAVZHG  ViSHICLE 
RADIATIOH  BQDIUBRIDM  TEMPERATURES 


Altitude 

70,000  Ft 

130,000  Ft 

200,000  Ft 

Mach 

3 

4 

5 

4 

5 

6 

5 

6 

7 

Angle  of  Attach 

5° 

5° 

5° 

250 

250 

24° 

30» 

30 

30o 

Recovery 

Tesperature 

64o>?  n6o°? 

17700? 

137QO?  20 50«F  28100? 

21000? 

28500?  35100? 

Q-Ball 

629 

1090 

1610 

1100 

1530 

1950 

1170 

1470 

1760 

Paravtng 

Leading  Edge 

590 

1010 

146b 

950 

1300 

1630 

950 

1180 

1420 

Stabilizer 
leading  Edge 

630 

1120 

1670 

1210 

1710 

2220 

1400 

1760 

2120 

Vertical' Pin 
Leading  Edge 

620 

1100 

1610 

1170 

1650 

2130 

1340 

1680 

2020 

Fuselage  Botton 

X  =  5  K 

525 

860 

1200 

540 

710 

880 

490 

610 

720 

X  =  ID  Ft 

515 

850 

1180 

490 

64o 

800 

450 

540 

659 

*  ^Longitudinal  distance  front  cobs 


Czsuxsraii,  BATA 

Disaster 

Sweep 

Q-Ball 

2.5  2h. 

Barasflng  Leading  Edge 

4  (dnirars) 

45  Deg 

Stabilizer  leading  Edge 

0.15 

45 

Vertical  Fin  leading  Edge 

0.3 

60 

Body 

19.0 

— 

FIGHH2  IS.  BOSS  CC1IS  HADI A7ICH  SQDILIESIUM  T&Sl HATCHES 
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4,2  MATERIALS 
4.2.1  Parawing  Vehicle 

The  fuselage  of  the  parawing  vehicle,  shown  in  Figure  7,  can  be  broken  down 
into  three  assezahli.es.  They  are  the  aft  section  and  control  surfaces,  the 
propellant  tanks,  and  the  forward  section. 

The  fuselage  aft  section  supports  the  control  surfaces  and  houses  the  rocket 
engines,  recovery  systee,  and  control  actuators.  This  section  is  constructed 
of  T1-6A1-4V  titanium  because  of  Its  superior  strength-to-weight  ratio  at 
teszperatures  below  700 as  shown  in  Figure  20.  Inconel  alloy  718  (an  age- 
bardenahle  nickel  chroaiua  alloy)  was  considered,  tat  as  average  skin  temp¬ 
eratures  below  70CpF  were  predicted,  titanium*  was  chosen.  Structurally,  the 
aft  section  is  designed  to  withstand  the  thrust  of  all  engines  and  the 
various  loads  induced  by  the  control  surfaces.  An  estimated  average  thickness 
'of  1/4  Inch  of  silica  fiber  insulation  is  provided. 

Tee  aft  control  surfaces  are  constructed  of  Inconel  alloy  718  except  for  their 
leading  edges  and  tips.  These  are  fabricated  from  Hastelloy  I  (a  nickel  base 
alloy)  because  surface  temperatures  in  excess  of  1400®F  are  anticipated. 

The  propellant  tank  section  consists  of  two  cylindrical  tanks  end  to  end 
sharing  one  cooson  bullhead.  The  fuel  and  oxidizer  are  forced  from  their 
respective  tanks  by  high  pressure  belies  through  outlets  in  the  bottom  aft 
part  of  each  tank.  Hard  points  are  provided  at  either  end  of  the  tanks  to 
bolt  on  the  parawing.  Tne  propellant  tank  shell  is  welded  from  FH13-8&0 
forgings  (ellipsoidal  ends  and  cosson  bulkhead)  and  PKl4-8ho  sheet  (cylindrical 
sections).  Selection  of  the  FH13-8Mo  tankage  structure  results  in  high 
strength,  a  high  degree  of  toughness,  and  compatibility  with  both  oxidizer 
and  fuel.  In  addition,  these  materials  are  relatively  easy  to  machine  and 
weld  and  have  good  high  temperature  properties.  The  decision  to  use  these 
materials  vs s  based  on  a  comparison  of  high-strength  alloys  of  aluminum, 
steel,  and  titaniua.  Titanium  cannot  be  used  because  it  is  not  compatible 
with  the  oxidizer.  Alnminua  tanks  would  be  heavier  than  those  fabricated 
of  steel.  The  use  of  17-4FH  and  YI-7PB  in  condition  THLL00  is  a  possibility, 
but  higher  strength  can  be  obtained  with  KU.3-8K0  and  PHl4-8Ho.  Karaging 
steel  has  attractive  strength  properties,  but  causes  decomposition  of 
hydrazine-type  fuels. 

The  present  tank  design  calls  for  an  estimated  average  thickness  of  1/4  inch 
of  Armstrong  Insnlcork  2755  or  equivalent.  It  is  believed  the  75  pounds  of 
weight  associated  with  the  cork  insulation  can  be  reduced  drastically  by  a 
low  density  insulation  wrapped  with  a  protective  coating.  However,  this 
possibility  was  not  investigated  in  sufficient  detail  for  inclusion  in  this 
study. 

Ho  internal  bladders,  screens  or  other  devices  are  contemplated  which  would 
retain  propellants  at  the  tank  outlets  daring  negative  accelerations.  In 
calm  air,  the  flight  path  accelerations  are  such  that  a  positive  load  factor 
is  maintained  at  all  times.  At  supersonic  speeds,  turbulent  air  is  highly 
unlikely  to  result  in  negative  accelerations,  even  instantaneously. 

The  forward  section  of  the  fuselage  includes  a  titaniun  cylindrical  shell, 
located  between  the  nose  cone  and  the  tanks,  which  leases  the  battery  pack. 


FIGURE  SO.  STRENOTH-TO-WEIGIIT  RATIO 


and  the  pressurization  and  cooling  system.  The  forward  section  also  includes 
a  nose  cone  of  Inconel  alloy  718  which  houses  the  instrumentation,  guidance, 
and  control  equipcent.  The  forward  section  structure  is  designed  to  withstand 
loads  induced  fcy  the  air  snatch  during  the  recovery  phase.  The  nose  cone  must 
withstand  high  aerodynamic  loads  daring  the  boost  phase  along  with  temperatures 
that  become  very  high  near  the  tip.  A  Hastelloy  I  Q-ball  (see  Section  7)  is 
counted  in  the  tip  of  the  nose  cone.  For  servicing  and  calibrating,  the  nose 
cone  can  be  removed  to  expose  the  instrumentation,  guidance,  and  control 
equipcent  which  is  counted  on  a  titanium  bean.  An  estimated  average  thickness 
of  1/4  inch  of  silica  fiber  insulation  is  required. 

Different  size  parawings  would  be  installed  depending  on  the  planned  altitude 
for  cruise.  The  maximum  area  parawing  is  shown  in  Figures  4  and  8.  The 
parawing  consists  of  two  leading  edge  booms  which  are  elliptical  sections  of 
T1-6A1-4V  titanium,  two  spreader  tars  of  L-6O5  alloy  (an  austenitic  colbalt 
base  alloy),  a  combined  keel  and  deployment  actuator  of  T1-6A1-4V  titanium, 
and  a  single-ply,  metal  fabric  sail.  The  fabric  is  woven  from  fine  wire  of  a 
nickel-chromium  based  alloy  having  a  diameter  of  one  nil  or  less.  Two  kinds 
of  silicone  rubber  are  used,  ons  for  impregnating  and  saturating  the  metal 
fabric  and  the  other  for  an  ablative  heat  shield.  The  ablative  rubber  can 
resist  extremely  high  temperatures  while  maintaining  the  temperature  at  the 
interface  between  the  char  and  parent  elastomer  at  1100° F  (Reference  3). 

The  sail  material  weighs  0.264  pounds  per  square  foot  and  has  a  yield  strength 
cf  278  pounds  per  foot.  The  leading  edge  booms  are  designed  to  withstand 
bending  loads  about  the  spreader  bars  and  about  the  hinge  pins  under  a  3g 
sail  load.  These  booms  are  thermally  protected  by  the  sail  material  wrapped 
around  their  leading  edges.  The  spreader  bars  are  constructed  of  L-6O5  alloy 
because  of  their  small  diameter  and  low  sweep  engle  which  cause  the  stagnation 
temperature  to  exceed  l40O>F.  They  hole,  the  leading  edge  booms  in  the  deployed 
attitude  and  carry  primarily  a  column  compressive  load.  The  paraving  keel  is 
designed  to  resolve  the  bending  loads  at  the  hinge  pins  into  loads  at  the 
fuselage  hard  points,  ana  to  secure  the  sail  at  the  centerline  of  the  parawing. 
It  also  serves  as  the  cylinder  for  the  paraving  deployment  actuator.  The 
deployment  actuator  is  operated  by  high,  pressure  helium  from  the  fuel  expulsion 
system.  The  actuator  push  rod  moves  a  slide  which  is  attached  to  the  spreader 
bars,  thereby  deploying  the  paraving. 

4.2.2  Lifting  Body  Vehicle 

The  second  vehicle  that  was  studied  vas  a  lifting  body  configuration  as 
presented  in  Figure  3-  This  configuration  has  its  lover  surface,  forward 
upper  surface,  vertical  fins,  and  control  surfaces  constructed  of  Tnfn^al 
alloy  718.  This  alloy  is  utilized  because  of  surface  temperatures  in  excess 
of  7CO°?  in  these  areas.  The  aft  upper  surface,  the  inner  skin  and  the 
internal  structure,  with  the  exception  of  the  oxidizer  tank,  are  con¬ 
structed  of  Ti-aAl-4v  titanium.  In  these  areas  the  expected  temperatures 
are  below  700 °F  and  titanium  has  a  better  strength-to-veight  ratio.  The 
vehicle  is  insulated  by  an  estimated  average  thickness  of  1/4  inch  silica 
fiber  insulation  bonded  to  the  inner  surface  of  the  outer  skin. 


The  in5trtc.5nta.tion,  guidance  and  control  equipment  is  located  ir.  the  forward 
part  of  the  vehicle.  The  1  rdivifcal  components  axe  mounted  ca  a  titauina  heel 
for  mechanical  support.  She  nose  can  he  removed  intact,  thsrehy  me* jpg  the 
equipment  for  easy  maintenance  and  checkout,  k  Eastellcy  1  Q-fcell  is  mcented 
in  the  tip  of  the  nose  cone. 

The  control  surfaces  are  constructed  of  Inconel  alloy  718  skins  and  -rfha. 

The  vertical  fins  are  fixed  to  the  aft  sides  of  the  vehicle.  They  have 
surface  shins  of  Inconel  alloy  718  and  a  honeycomb  core. 
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3me rsoaic  force  date  are  presented  in  Figures  21  to  28  for  both  the  lifting 
body  am  tbs  parading  vehicles.  The  data  for  the  parswing  is  split  into 
fuselage,  wing  and  tail  components  because  any  size  parading  cay  be  installed 
up  tc  a  certain  maxima  size  and  also  because  of  the  different  trin  angle  re- 
qu.'  ecents  for  the  horizontal  tail.  Interference  drag  was  small  enough  to  be 
neglected.  Core  of  the  data  are  presented  in  terms  of  the  normal  force  co¬ 
efficient,  Cjj,  and  the  drag  at  zero  lift,  CQ  .  The  lift  and  drag  coefficient, 

and  Cp,  are  easily  derived  as  ° 

—  Cjj  Cosq' 

CD  =  CD  +  Si  Sina 
o 

where  a  is  the  angle  of  attack. 

The  normal  force  characteristics  of  the  lifting  body  vehicle  were  obtained  from 
Reference  5  by  assuming  that  the  vehicle  could  be  simulated  by  a  delta  wing  of 
the  same  planform  and  dimensions.  The  drag  at  zero  lift  was  taken  from  wind 
tunnel  test  data. 


The  fuselage  normal  force  data  for  the  parawing  vehicle  were  taken  from  Ref¬ 
erence  6  while  the  tail  lift  and  drag  data  were  taken  from  Reference  5. 
Parawing  characteristics  were  taken  from  Reference  7  assuming  a  canopy  infla¬ 
tion  angle  of  100  degrees.  Since  the  data  in  that  reference  was  test  data 
taken  at  Mach  6.6  only,  it  was  modified  for  Mach  number  by  assuming  that,  at  a 
particular  angle  of  attack,  the  test  values  could  be  multiplied  by  the  ratio 
of  lift  for  a  flat  plate  at  Mach  numbers  of“1.'5,  2,  4,  or  6  and  lift  at  the 
reference  Mach  number  of  6.6. 


In  order  to  find  the  tail  lift,  it  was  necessary  to  determine  the  tail  angle 
required  to  balance  out  the  aerodynamic  moments  about  the  vehicle  center  of 
gravity.  The  necessary  moment  data  for  the  fuselage  was  taken  from  Reference 
6,  The  required  tail  angles  presented  in  Figure  29  were  calculated  for  the  no 
wing  case.  At  intermediate  altitudes  where  a  small  wing  will  suffice,  the 
wing  can  be  placed  ro  as  to  maintain  the  same  relation  between  the  angle  of 
attack  of  the  fuselage  and  the  angle  of  attack  of  the  horizontal  tail.  How¬ 
ever,  when  the  largest  wing  is  installed,  the  same  relationship  cannot  be  main¬ 
tained.  For  this  configuration,  it  was  found  that  the  following  formulas  for 
the  lift,  L,  and  the  lift-to-drag  ratio,  L/D,  could  be  used  with  sufficient 
accuracy  for  the  performance  calculations: 


L 

L/D 


=  1.3L  . 
■'wing 

=  (L/D)  . 
v  '  'wing 


The  aerodynamic  data  takes  the  usual  form  expected  as  the  speed  increases  in 
the  supersonic  regime:  The  lift  curve  slope  and  the  lift-to-drag  ratio  fall 
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FIGURE  21.  PARAWING  VEHICLE  TAIL  LIFT 
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FIGURE  24.  PARAWING  VEHICLE  RJSELAGE  NORMAL  FORCE 
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FIGURE  27.  LIFTING  BODY  VEHICLE  DRAG  AT  ZERO  LIFT 
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FIGURE  27.  LIFTING  BODY  VEHICLE  DRAG  AT  ZERO  LIFT 
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FIGURE  29,  PARAWING  VEHICLE  WITHOUT  WING,  TAIL  ANGLE  OF  ATTACK 
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off  generally  with  Mach  number.  The  resulting  lift-to-drag  ratios,  although 
reasonable  for  the  parawing  vehicle  with  or  without  a  wing,  appear  to  be  some¬ 
what  low  for  the  lifting  body,  being  only  slightly  above  3  at  Mach  4  and  6. 

The  cross  flow  assumption  used  herein  for  calculating  the  drag  may  be  pessimis¬ 
tic,  especially  at  the  lower  speeds.  There  is,  however,  no  test  data  for 
lifting  bodies  at  the  speeds  of  interest  and  the  present  data  is  applicable 
only  to  hypersonic  speeds.  A  development  program  for  a  lifting  body  vehicle 
should  provide  for  detailed  aerodynamic  analysis  and  wind  tunnel  tests  on 
variations  of  the  lifting  body  shape  to  achieve  higher  lift-to-drag  ratios. 

5.2  PERFORMANCE 
5.2.1  Boost  Performance 

Boost  trajectories  were  calculated  for  both  the  parawing  and  the  lifting  body 
vehicles  for  a  variety  of  initial  weights,  final  weights  and  launch  angles. 

A  Lockheed  computer  program  was  available,  Reference  8,  which  was  readily 
adrptable  to  the  study.  It  incorporates  thd  normal  trajectory  equations  for 
a  point  mass  and  includes  refinements  such  as  allowing  for  a  spherical  earth. 

The  program  adjusted  the  rocket  thrust  level  with  altitude  so  that  it  approxi¬ 
mated  the  variation  indicated  in  Figures  10  and  12  (for  eight  thrust  chambers). 

The  drag  was  derived  from  the  expression  Cr,  Sq  where  is  the  drag  coefficient 

uo 

at  zero  lift,  S  is  the  reference  area  and  q  is  the  dynamic  pressure.  Small 
variations  in  Cp  and  S  would  result  from  the  installation  of  different  sizes  of 
o 

parawings  which  would  be  folded  back  along  the  top  of  the  fuselage  during  boost. 
This  variation  has  only  a  small  effect  on  boost  performance  and  was  not  ac¬ 
counted  for. 

The  launch  maneuver  is  a  pullup  from  level  flight  to  the  required  launch  angle 
and  always  begins  at  the  same  entry  speed  and  altitude.  An  entry  altitude  of 
35,000  feet  was  chosen  since  the  launch  aircraft,  an  F-4C,  is  known  to  achieve 
its  best  supersonic  acceleration  rate  with  a  600  gallon  tank  as  a  centerline 
store  at  altitudes  near  35,000  feet.  The  selection  of  the  entry  speed  was  also 
based  on  the  supersonic  acceleration  of  the  F-4C  aircraft  with  a  600  gallon 
tank.  Higher  speeds  are  possible,  but  the  chosen  velocity  of  1900  fps  is  be¬ 
lieved  to  be  about  the  highest  practical. 

Speed  will  be  lost  and  altitude  gained,  during  the  pullup  to  the  launch  attitude 
angle  as  shown  in  Figure  3°.  The  loss  *n  velocity  during  the  pullup  to  launch 
is  taken  to  have  a  value  somewhat  less  than  that  for  an  F-104  aircraft  launch¬ 
ing  two  large  rockets  from  its  wing  tips.  Less  velocity  loss  exists  for  the 
F-4C  aircraft  because  the  F-4C  has  more  excess  thrust  than  the  F-104.  The 
F-104  data  was  obtained  from,  computer  trajectories  and  is  available  in  Refer¬ 
ence  9*  The  load  factor  during  the  pullup  would  be  3g,  'the  maximum  that  the 
HI-HICAT  vehicle  is  designed  for.  The  altitude  gain  was  also  taken  from  the 
f-104  data  but  no  allowance  was  made  for  the  higher  excess  thrust  available  for 
the  F-4C  since  the  difference  is  minimal. 
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FIGURE  30.  LAUNCH  MANEUVER 
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Figure  31  presents  a  typical  time  history  of  a  high  speed,  high  altitude  tra¬ 
jectory.  These  trajectories  were  calculated  for  the  case  where  the  sustainer 
engine  is  shut  down  until  the  cruise  altitude  is  reached.  However,  the 
propellant  feed  system  can  be  simplified  if  the  sustainer  is  not  shut  off  and 
a  positive  longitudinal  acceleration  is  maintained.  The  difference  in  boost 
performance  would  be  minimal. 

Plots  summarizing  all  the  boost  trajectory  data  are  presented  in  Figures  3 2  and 
33*  The  mass  ratio  given  in  the  figures  is  the  ratio  of  the  w'  ights  at  the 
beginning  and  end  of  boost.  Note  that  the  lifting  body  vehicle  takes  slightly 
more  propellants  to  reach  cruise  speed,  because  both  weight  and  drag  are 
slightly  higher. 

Calculations  were  completed  for  both  eight  and  nine  thrust  chambers  for  the 
parawing  vehicle.  These  computations  indicated  the  increase  in  performance 
resulting  from  the  addition  of  another  chamber  was  small  and  that  eight  was 
near  optimum.  Calculations  were  also  completed  for  two  different  initial 
weights,  2507  and  2724  pounds,  again  for  the  parawing  vehicle  only.  The 
difference  in  performance  was  too  small  to  be  plotted  in  Figure  32. 

5.2.2  Range 

The  cruise  range  was  computed  from  the  formula 

8  *  1  T  [5  <°°3  *■  S1»  «]  **  («,  A,)c 

where  R  is  the  range,  I  is  the  specific  impulse,  V  the  cruise  velocity,  a 
constant,  and  Wq  and  are  the  vehicle  weights  ' at  the  start  and  end  of 

cruise,  respectively. 

Since  each  calculation  was  completed  at  a  constant  angle  of  attack,  a  cruise 
climb  condition  results  in  which  the  altitude  increases  as  the  weight  of 
onboard  propellants  drops.  The  results  of  these  calculations  are  presented 
in  Figures  34  to  36  where  the  altitudes  indicated  are  values  obtained  at 
about  the  mid  point  of  the  cruise.  The  mass  ratio  in  the  figures  is  defined 
as  the  ratio  of  the  vehicle  filled  with  propellants  at  the  start  of  the  boost 
to  the  weight  empty.  Hence  these  plots  have  taken  into  consideration  the 
propellants  used  during  the  boost. 

Range  was  calculated  for  only  the  no  wing  case  and  the  case  where  the  largest 
parawing  is  installed  as  plotted  in  Figures  34  and  35*  The  parawing  vehicle 
with  intermediate  sizes  of  parawing  will  achieve  ranges  greater  'ihan  those 
presently  plotted  at  altitudes  between  130,000  and  170,000  feet. 

The  range  plots  indicate  higher  cruise  speeds  should  be  selected  at  the  higher 
altitudes.  Part  of  the  increased  range  at  higher  speeds  is  due  to  the  con¬ 
siderable  increase  in  range  possible  by  allowing  the  HI-HICAT  vehicle  to  de¬ 
celerate  at  altitude  to  Mach  1.5  or  to  an  angle  of  attack  of  50  degrees.  The 
maximum  attitude  angle  was  selected  arbitrarily  but  the  Mach  1.5  condition 
exists  because  the  recovery  requirements  and  the  desire  not  to  fly  at  tran¬ 
sonic  or  subsonic  speeds. 
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33.  LUTING  BODY  VEHICLE  BOOST  PERFORMANCE 


STATUTE  MILES 


RANGE 


The  range  available  during  deceleration  is  indicated  in  Figure  37  for  the 
lifting  body  vehicle.  This  range  is  important  at  higher  speeds  since  it  is 
increasing  as  the  velocity  squared  as  indicated  by  the  relation 


dR  =  V  dt  =  V  —  =  1/2  — 
a  a 


where 


a 


D 

L 


g 


and  where  a  is  the  longitudinal  deceleration  and  g  the  acceleration  of  gravity. 


The  weight  statement  of  Section  9  indicates  mass  ratios  of  2.77  and  3*24  for 

the  parawing  vehicle  with  and  without  the  large  parawing.  The  mass  ratio 

is  defined  as  (W  /W  )  ,, 

o  1  overall 

where 


W 


o 


W  +  W.  +  W_ . 
p  h  1 


Wp  and  Wh  are  the  weights  of  the  propellant  and  helium,  and  Wq  and  are  the 

full  and  empty  weights,  respectively.  Unfortunately,  in  deriving  the  mass 
ratio  for  the  lifting  body  vehicle  an  allowance  must  be  made  for  the  propell¬ 
ants  consumed  by  the  turbopump.  The  parawing  vehicle  uses  a  highly  pressurized 
tank  and  does  not  suffer  this  particular  decrement  in  available  propellants. 
This  consumption  of  propellants  averages  about  6  per  cent  ( 1 25  pounds  of 
propellants)  of  the  total  propellants  used,  making  the  effective  mass  ratio 
of  bhe  lifting  body  vehicle  about  2.7. 


Using  the  above  values  for  the  mass  ratio  in  the  range  plots  would  lead  to  the 
conclusion  that  greater  range  can  be  achieved  with  the  parawing  vehicle.  It 
should  be  emphasized,  however,  that  the  aerodynamic  characteristics  of  the 
lifting  body  vehicle  were  not  optimized  and  that,  indeed,  superior  versions  of 
the  vehicle  are  being  continually  developed. 

5.3  STABILITY 


The  longitudinal  and  lateral  stability  of  the  lifting  body  configuration  that 
was  used  for  this  study  has  been  demonstrated  by  test  data.  This  configuration 
has  static  stability  and  requires  trim  type  actuators  only. 

The  longitudinal  stability  of  the  parawing  vehicle  has  been  investigated  in  a 
preliminary  manner  by  analyzing  the  stability  of  the  vehicle  without  wings  and 
with  the  maximum  wing  area*  The  method  of  Reference  10  indicates  that  at  low 
angles  of  attack  the  wingless  vehicle  will  be  longitudinally  stable  at  all  the 
Mach  numbers  of  interest.  At  higher  angles,  the  stability  was  investigated  by 
increasing  the  vehicle  angle  of  attack  from  the  trimmed  condition  while  hold¬ 
ing  the  angle  between  the  tail  and  body  fixed,  then  determining  whether  the 
resulting  force  on  the  tail  and  body  was  such  as  to  bring  the  vehicle  back  to 
the  original  angle  of  attack.  The  results  of  the  analysis  indicate  that 
although  the  vehicle  has  longitudinal  static  stability  with  the  maximum  win? 
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FIGURE  37.  LIFTING  BODI  VEHICLE  RANGE  DURING  DECELERATION 
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area,  it  will  be  statically  unstable  at  high  angles  of  attack,  exceeding  10 
degrees,  if  flown  without  wings.  This  instability  can  be  corrected  by  in¬ 
creasing  'the  size  of  the  horizontal  tail  fins.  However,  it  should  be  noted 
that  even  when  the  vehicle  is  unstable  it  is  still  controllable  (with  an 
autopilot)  since  the  horizontal  tail  angles  required  from  trim  are  not  ex¬ 
cessive.  This  situation  is  not  uncommon  in  missile  designs. 


The  lateral  stability  of  the  wingless  parawing  vehicle  has  been  investigated 
using  the  tail  data  of  Reference  10  and  the  centers  of  pressure  data  for  the 
sideslip  forces,  Reference  5.  It  has  been  established  that  the  wingless 
vehicle  is  stable  to  lateral  deflections.  Since  the  center  of  pressure  (for 
lateral  forces)  of  the  wings  will  be  behind  the  vehicle  center  of  gravity, 
the  winged  vehicle  should  also  be  laterally  stable. 

Roll  stability  of  the  winged  vehicle  should  not  present  any  problems,  as  the 
moment  due  to  the  vertical  tail  will  be  balanced  by  the  moment  due  to  the 
parawing.  However,  if  the  vehicle  is  flown  without  a  wing,  the  fact  that  the 
vortical  tail  is  on  the  bottom  tends  to  make  this  version  of  the  vehicle 
inherently  unstable  during  rolls.  Since  the  entire  area  of  both  horizontal 
tails  can  be  moved  separately,  this  roll  in,* ‘.ability  can  be  controlled  by 
pitching  the  horizontal  tails  in  such  a  manner  that  they  provide  a  moment 
that  balances  the  roll  moment  due  to  the  vertical  tail. 
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6.1  2ESE3S  FA22CBS 

Tee  guidance  ess  control  system  mast  stabilize  tbs  vehicle  and  navigate  it  to 
a  predetermined  location  wttMn  range  of  tbs  recovery  aircraft.  Command 
guidance  systems,  ss  presently  used  is  target  drones,  depend  upon  radar  as 
a  feedback  link  which  detects  the  error  between  the  vehicle '  s  position  and  tbs 
desired  position  so  that  tbs  command  operator  css  transmit  signals  to  tbs 
vehicls,s  remote  control  system  and  control  its  speed,  altitude,  beading  or 
attitude.  Badar,  however,  cannot  provide  data  of  sufficient  eccuracy  to 
measure  vehicle  motions  ere  to  turbulence  cf  1  fps  as  required  for  this  study 
at  tbs  Mgfa  frequencies  of  interest  (cf  the  order  cf  10  cos' ).  This  failing  is 
cne  to  atmospheric  turbulence  and  other  difficulties  which  limit  accuracies  to 
a  few  parts  per  arf Ilian  (Reference  1l)  fer  even:  the  most  sophisticated  of  iri- 
angdaticn  radars.  Shch  an  argument  indicates  the  desirability  cf  having  e.- 
self-contained,  onboard  guidance  system  since  seme  cf  tbs  required  turbulence 
instrumentation  can  then  he  shared  with  the  guidance  equipment. 

in  inertial  navigation  system  will  be  shown  to  he  practical  in  this  study.  It 
is  a  system  which  can  he  completely  independent  of  intelligence  radiated  from 
tbs  ground.  However,  it  is  deemed  wise  to  provide  for  ground  control  compands 
to  override  those  from  the  inertial  equipment  in  the  interest  of  increased  re¬ 
liability.  Admittedly,  additional  costs  will  be  incurred  by  requiring  radar 
and/or  telemetering  receiving  stations,  but  it  is  better  to  provide  for  a 
function  which  requires  relatively  little  vehicle  equipment  than  to  try  to  add 
this  function  at  a  later  date. 


in  inertial  navigation  system  is  self-contained  end  all  tbs  data  necessity  for 
navigation  and  control  of  the  vehicle  in  flight  is  calculated  and  programmed 
into  the  system's  computer  prior  to  launch.  Tee  inertial  navigation  system 
can  then  determine  deviations  in  beading  and  attitude,  and  automatically 
operate  the  control  surfaces  to  stabilize  the  vehicle  and  correct  its  coarse. 

Since  precision  computing  is  not  necessary  for  navigation  or  fn-flight  control, 
it  is  not  necessary  t  install  a  large  computer  in  the  vehicle.  A  small 
computer  and  inertial  platform  with  precision  sensors  to  provide  data  for  tele¬ 
metering  and  guidance  is  al?  that  is  necessary.  Such  snail  inertial  systems 
called  1X31  (Low  Cost  Inertial  navigation  -/stems)  have  been  developed  recently 
by  a  number  of  companies  such  as  Teledyne,  Lear,  and  Kearfott . 

These  inertial  navigating  systems  are  small  and  lightweight.  The  Teledyne 
system  which,  was  selected  for  this  study  weighs  only  ten  pounds.  It  consists 
of  three  units;  an  inertial  sensor,  a  small  reference  computer,  and  a  power 
supply  in  a  single  package  as  illustrated  in  Figure  38.  The  system  charac¬ 
teristics  are  listed  in  Table  3-  A  small  inertial  platform  is  the  heart  of 
the  system  and  weighs  only  5  pounds.  The  stable  element  consists  of  gyros 
with  two  degrees  of  freedom  and  three  accelerometers  mounted  in  a  four-gimbal 
arrangement . 
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Power  25  Watts 

Environmental  Power,  +28  V  56  Watts 


At  altitudes  approach! •  0  feet,  the  atmosphere  is  too  thin  to  make 

pressure  altitude  mea.  with  barometric  altimeters.  By  integrating  the 

outputs  of  ths  platf .  t.rtical  accelerometer  as  shown  in  Figure  39 j  the 
altitude  can  he  calcuT  ;_u.  Integrators  used  for  this  purpose  are  subject  to 
drift  and  produce  an  altitude  error  which  increases  with  time.  Usually  an 
external  reference  such  zr  a  barometric  altimeter  is  used  to  damp  the  altitude 
integrator  output.  The  integrator  error  is  limited  by  the  short  duration  of 
the  HI -HI  CAT  missions,  and  if  a  bar  (metric  altimeter  is  used  to  damp  the  inte¬ 
grator  signal  up  to  70,000  feet,  the  altitude  drift  error  is  limited  to  approx¬ 
imately  5000  feet  rms  at  200,000  feet  altitude. 

6.2  GUIMKCE  SYSTEM 

Figure  4o  is  a  simplified  functional  block  diagram  of  the  Teledyne  inertial 
guidance  system  and  the  control  system  for  the  parawing  configuration  which 
has  two  horizontal  stabilizers  and  one  vertical  fin.  Figure  41  is  the  block 
diagram  for  the  lifting  body  configuration  which  uses  the  same  guidance  system 
but  uses  a  control  system  for  two  elevons. 

The  two  gyros  on  the  platform  provide  a  three  axis  space  reference  for  the  three 
accelerometers  which  detect  errors  in  the  desired  flight  path  by  measuring 
lateral,  longitudinal  and  vertical  acceleration  during  the  vehicle's  flight. 

A  computer  is  necessary  to  calculate  vehicle  position  relative  to  earth's  co¬ 
ordinates.  Attitude  reference  signals  are  obtained  by  torquing  the  vehicle 
platform  to  maintain  a  local  vertical.-..  With  such  local  vertical  sensing 
systems  the  synchros  on  the  gimbals  provide  a  direct  readout  of  the  vehicle 
attitudes  which  can  be  used  directly  by  the  flight  control  system.  The  atti¬ 
tude  signals  are  used  by  the  servo  actuators  to  maneuver  the  control  surfaces 
and  correct  the  vehicle's  course.  Summing  amplifiers  add  the  pitch  and  roll 
signals  so  the  horizontal  stabilizers  can  control  roll  and  pitch  together. 

For  gust  measurements  a  constant  vehicle  speed  is  desirable.  Figure  42  is  a 
block  diagram  of  a  velocity  and  range  control  servo.  The  vector  sums  of  the 
platform  X  and  Y  accelerometer  signals  are  integrated  to  obtain  vehicle  actual 
velocity.  This  velocity  signal  is  compared  with  a  preset  velocity  signal  and 
the  difference  produces  an  error  signal  which  controls  a  servo  mechanism  oper¬ 
ating  the  engine  throttle  to  increase  or  decrease  vehicle  speed.  This  same 
block  diagram  also  illustrates  one  method  of  shutting  off  the  engine  as  it 
approaches  the  recovery  area.  The  actual  distance  traveled  by  the  vehicle  is 
obtained  by  integrating  the  acceleration  twice  and  comparing  the  results  with 
a  range  signal  in  the  computer.  When  the  distance  traveled  signal  becomes 
greater  than  the  preset  range  signal,  it  is  anplified  to  operate  a  solenoid 
type  propellant  shutoff  valve. 

6.3  COMMAND  SYSTEM 

There  must  be  some  method  provided  whereby  personnel  conducting  the  tests  can 
abort  the  mission  at  any  point  should  conditions  warrant.  This  will  require 
a  command  receiver,  decoding  circuitry  and  some  type  of  input  into  the  control 
systems.  By  transmitting  the  proper  command  from  the  ground,  the  launch 
aircraft  or  the  recovery  aircraft,  the  HI-HICAT  propulsion  system  can  be  shut 
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FIGURE  39  ALTITUDE  CONTROL  SERVO 
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FIGURE  42.  VELOCITY  AMD  RANGE  CONTROL  SERVO 


down.  Also  other  commands  can  be  provided  as  desired  but  these  are  presently 
limited  to  a  heading  change  and  recovery  initiation  override  only.  The  engine 
shut  down  function  is  required  as  a  safety  measure  in  case  the  vehicle  should 
fly  off  course  towards  a  populated  area.  A  block  diagram  of  a  command  system 
is  given  in  Figure  43. 

Since  the  command  link  is  required,  it  would  be  relatively  simple  to  provide 
a  multiplicity  of  commands  at  very  little  additional  cost. 

6.4  CONTROL  SYSTEM 

The  control  surfaces  of  the  HI-HICAT  vehicle  are  manipulated  b y  individual 
rotary  or  linear  electro -mechanical  servo  actuators.  The  parawing  config¬ 
uration  uses  three  rotary  actuators,  one  for  each  fin,  and  the  lifting  body 
configuration  uses  two  linear  actuators,  one;  fpr  each  elevon.  The  electro¬ 
mechanical  actuators  were  selected  over  other  types  because  of  their  avail¬ 
ability  and  the  ease  of  supplying  power  for  them.  Hydraulic  or  pneumatic 
actuators  operate  on  high  pressure  oil  or  air  supplies  which  would  necessitate 
the  installation  of  pumps,  accumulators,  filters,  tubing  and  regulators  in 
the  vehicle.  All  these  components  are  heavy  and  costly  and  more  difficult  to 
install  and  maintain  than  a  battery  pack.  Also  hydraulic  and  pneumatic 
components  are  usually  custom  fabricated  for  each  application. 

The  Lear-Siegler  electromechanical  servo  actuator  is  currently  available  in 
many  sizes  ar.d  shapes,  and  the  present  HI-HICAT  vehicle  designs  employ  several 
of  their  models.  These  actuators  utilize  a  magnetic  particle  clutch.  The 
magnetic  clutch  is  a  versatile  control  element  which  can  be  easily  controlled 
by  conventional  circuits.  Clutch  type  servo  actuators  have  high  torque  to 
inertia  ratio  because  the  motor  and-  clutch  input  shaft  rotates  continuously 
and  only  the  inertia  of  the  clutch  output  shaft  and  load  must  be  overcome 
during  acceleration.  Precision  control  is  obtained  with  a  simple  controller- 
amplifier  arrangement  in  which  the  force  output  of  the  actuator  is  linearly 
proportional  to  very  low  level  input  signals  from  the  navigating  systems. 
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FIGURE  43.  COMMAND  SYSTEM 


SECTION  7 
INSTRUMENTATION 


7.1  DATA  REQUIREMENTS 

The  purpose  of  turbulence  research  is  to  describe  the  magnitude  and  direction 
of  the  wind  velocities  over  a  certain  spectrum  of  frequencies  and  to  define 
the  meteorological  conditions.  Turbulence  could  be  measured  directly  if  the 
direction  and  magnitude  of  the  relative  wind  could  be  measured  by  fast  re¬ 
sponse  instrumentation  installed  aboard  a  flight  vehicle  which  is  itself  not 
affected  by  turbulence.  Unfortunately,  no  likely  vehicle  configuration  can  be 
conceived  which  will  not  respond  to  some  extent  to  the  long  turbulence  wave¬ 
lengths.  However,  instead  of  measuring  the  vehicle  motions  directly,  a  system 
can  be  imagined  with  a  sophisticated  guidance  and  control  system  which  would 
control  the  vehicle  in  such  a  manner  that  it  would  fly  a  straight  line  in  spite 
of  turbulence.  Such  a  concept  is  rejected  since  the  complexity  of  such  a 
novel,  sophisticated  guidance  and  control  equipment  would  greatly  exceed  the 
complexity  of  the  extra  instrumentation  otherwise  required. 

It  is  usual  to  separate  the  measurement  of  relative  wind  into  airspeed  and 
flow  direction  measurements.  Customarily,  fast  response  airspeed  instrumenta¬ 
tion  is  not  installed  because  of  the  technical  difficulties  involved  and  be¬ 
cause  past  investigations  have  shown  little  difference  between  the  longitudinal 
and  later al  turbulence  spectrums. 

At  intermediate  and  long  turbulence  wavelengths,  the  vehicle  responds  to  gusts 
and  such  responses  must  be  measured  in  order  to  calculate  the  "true"  gust 
velocity  relative  to  earth  coordinates.  The  motions  of  a  vehicle  can  be 
measured  by  external  means  such  as  radar  or  with  internal  instrumentation 
carried  aboard  the  flight  vehicle.  Radar  (and  optical  systems)  must  be  re¬ 
jected  because  atmospheric  turbulence  and  other  difficulties  prevent  detection 
of  the  fine  scale  vehicle  motions  as  dl scussed  in  Section  6.1.  It  will  be 
shown  that  inertial,  instrumentation,  namely  gyros  and  accelerometers,  can  pro¬ 
vide  the  desired  accuracies. 

It  is  also  customary  to  measure  both  atmospheric  pressure  and  temperature 
along  with  the  turbulence  parameters  to  better  define  the  meteorological  condi¬ 
tions  associated  with  turbulence.  Unfortunately,  the  measurement  of  atmos¬ 
pheric  temperatures  has  proven  impossible  to  accomplish  and  no  free  air  temper¬ 
ature  instrumentation  is  included  in  the  HI -HI CAT  design. 

7.1.1  Flow  Direction  Measurements 

7 . 1 . 1 . 1  Accuracy  Requirements 

The  major  task  to  be  accomplished  by  the  HI -HI GAT  system  is  the  measurement  of 
wind  gust  velocities  at  altitudes  from  70,000  to  200,000  feet.  The  present 
contract  specifies  measuring  a  1  fps  rms  velocity  out  to  a  maximum  wavelength 
of  75j 000  feet.  The  minimum  frequency  of  interest  can  then  be  calculated  from 
the  maximum  wavelength  by  assuming  the  HI -HI CAT  vehicle  is  flying  through 
"frozen"  turbulence,  a  common  assumption.  The  contract  does  not  specify  a 
minimum  wavelength  or  a  maximum  frequency.  In  this  study  a  maximum  frequency 
of  10  cps  has  been  chosen  in  order  to  obtain  a  bandwidth  comparable  to  past 
turbulence  investigations. 
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The  error  analysis  proceeds  by  assuming  the  vertical  velocities  and  the 
attitude  angles  are  small  compared  to  the  calm  air  flight  velocities.  The 
design  points  shall  be  Mach  4  at  70,000  feet  and  Mach  6  at  200,000  feet.  The 
diagram  below  shows  the  relationship  existing  between  the  various  velocities 
and  angles  involved. 


from  the  diagram,  the  basic  equation  describing  the  kinematic  relation  between 
variables  can  be  written: 

AWz  =  VaAY  *  AVz 
AWz  =  V&A a  -  VgAG  +  AVz 

=  VgAa  -  VaA0  +  J  agdt 

where: 

az  =  vertical  component  of  body  acceleration 
t  a  time 

V  =  vehicle  velocity  relative  to  earth  axis 

Va  =  vehicle  velocity  relative  to  wind  axis 
Vz  =,  vertical  component  of  V 
W  =  wind  velocity  relative  to  earth  axis 
Wz  =  vertical  component  of  W 
QC  =  angle  of  attack 

Q  =  pitch  angle 

7  -  6  -  a 

and  where  small  perturbations  from  a  calm  air  flight  path  are  considered. 


If  tb®  creratH  tee sr&cy  is  1  fpa  sacs,  team  tbs  aosjs&sy  of  «csb  t*rm  of  tbs 
cqssfcioa  sbcoM  be  ehsct  0-5  fps  sacs-  2Sh  Mg fjssi  fiesf^s  ■welccity  is  fiSSO  ffps 
(S5sch  6  et  200,000  feet);  b*n?e,  tbs  first  tens  of  tbs  ecratica  sbjra 
indicates  tbs  flaw  gfraotiaa  ateltS  bs  reeucrsd  to  an  accuracy  of 

AOC  =  0-5/6230  =  0.C0CG3  radians  *  0.CG5  osgree. 

TSe  scccni  term  leads  to  a  criterion  for  tbe  accuracy  of  pitch  afctitafe 
aregsgraseris-  Substituting  in  tie  secant  t/oan  yields 

0  5  _ 

A9  =  =  0-S05 

for  tbg  precisian  recnired.  Sste  that  bctb  tbe  Hew  direction  aud  pitch 
attitude  nmasurement  accsrecies  are  relative  (incremental)  valces.  Tbe 
absolute  (bias)  error  is  rot  of  interest. 

Tbe  ty&rd  term  irdi  cates  tbe  accuracy  of  aacelgra&icn  measurements-  A  pare 
simciM  motion  is  considered  with 


a  r  sis  cat 
z  z 


vbere  o  is  tbs  circular-  frequency.  Substitution  in  tbe  third  term  am 
integration  yields 


A¥  =  rA 
z  z 


Cos  cat 


o 


for  tbe  time  varying  exxzpazsxA.  Eence  tbe  precisian  required  of  an 
meter  increases  as  tbe  frequency  decreases,  Tbe  nininu-?.  frequency  is 

3880 

ca  =  2  xrf  =  2g  ~  0.33  radians  per  second 

where  75,000  feet  is  tbe  longest  turbulence  wavelength  of  interest  and  3880 
fps  is  the  r  ini  mm  design  velocity-  Therefore, 

A  =  0-5x0-33  =  0.165  fps2  =  0.005g  (Coscat  =  l), 

an  accuracy  relatively  easy  to  rest. 


Rote  that  the  error  analysis  above  is  readily  adaptable  to  the  horizontal 
lateral  velocities  and  will  lead  to  the  same  requirements  for  accuracy. 


The  recommended  system  as  discussed  in  section  7. 1-1. 3  is  capable  of  measur¬ 
ing  .8  fps  rms  gust  @  Mach  4  and  70.000  feet.  It  also  meets  the  1.0  fps  rms 
gust  requirement  at  Mach  6  and  200,000  feet. 

7- 1.1. 2  Types  of  Flow  Direction  Sensors 

Flow  direction  sensors  having  a  reasonable  degree  of  practicality  under  high 
temperature  conditions  rely  on  a  pressure  differential  which  is  measured 
either  directly  or  indirectly.  Rejected  immediately  is  a  turbulence  sensor 
being  developed  which  is  a  variation  of  the  hot  wire  anemometer  where  the  wires 
are  not  exposed  but  are  mounted  flush  in  the  surface  of  a  probe.  Also  rejected 
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are  deputies'  laser  sensors  tAil&rfng  tea  fracpcscy  shift  In  rsdiatlcn  becx- 
scsttered  hF  a&nospbsre.  E&seerch  here  is  et  s  vary  early  stage. 

The  possible  types  of  sensors  can  be  cstegprized  as: 

1.  pirated  rare 

2.  fixed  T»na  cr  Q-ball 

3.  serraed  rare  or  SJ-hell 

IrgonasSs  are  new  presented  to '  cemazstrsta  that  a  serraed  Q-hell,  similar  to 
that  developed  and  in  cpgraticn  cn  tbs  1-15  research  aircraft,  will  yield  tbs 
greatest  accsracy. 

lie  piloted  rare  can  be  ellmi rated  from  considsratian  %  two  argonents:  one 
baaed  cn  tbe  dynamic  response  and  cne  baaed  cn  the  minimmi  possible  friction 
in  an  “off-the-shelf8  reedont  dsrice.  She  dynamic  response  is.  analyzed  hy 
considering  a  simplified  ecnatios  for  the  free  motion  of  a  second  order  system, 

_2.. 


C^craSi 


OC  =  0 


where: 


-  lift  carve  slope 
=  engle  of  attack 

-  dynamic  pressure 
=  vane  area 

=  pivot-to-vane  length 
-=  density  of  vane  material 

-  average  thickness  of  vane. 


The  damping  tern  was  left  out  of  the  above  equation  br.cause  it  will  have 
little  effect  on  the  order-of-nagnitude  analysis  to  fellow.  Also,  note  that 
the  ciass  of  the  vane  support  is  ignored  and  that  tbe  vane  dimensions  are 
considered  snail  compared  to  the  pivot-to-vane  length.  The  above-  equation 
then  yields  a  natural  frequency. 


-  -aA-2 

V>ve 

At  frequencies  above  the  natural  frequency  the  response  of  a  second  order 
system  starts  to  drop  off  rapidly  because  of  inertia. 

The  lift  curve  slope  at  high  supersonic  speeds  can  be  approximated  ty  the 
relation 


YT  -  1 
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wbida  is  ebon t  era  at  Mach  4  sad  two-thirds  at  Mach  6.  For  nickel  and  iron 
case  allcjs  densities  off  0.3  lb  per  ca  in.  -'1 6  sings  per  cable  ffcot  ere 
typical.  A  typical  vane  thictoes3  and  pivot-to-vaas  length  might  pe  3  x 
10“3  feet  and  1/3  feet,  respectively.  Using  these  values  the  natural 
ffracaency  becomes  ff  -  UJ/2TI  =  40  cps  at  ^,CG0  ffeet  and  3*3  cps  at  200,000 
ffeet. 

The  response  off  other  g veathercocki rg"  shapes  such  as  a  blnated  nose  cons 
waaLd  probably  be  worse.  Reference  12  presents  a  frequency  response  curve 
for  a  typical  aerodynamically  driven  sensor  with  a  response  worse  than  that 
indicated  by  this  analysis. 

It  migyrt  be  supposed  that  the  dynamic  response  could  be  improved  by  going  to 
very  small,  vanes  bcrt  the  friction  in  existing  readout  devices  discourages 
this  approach.  Sic  restoring  torque  off  a  vane  equals 

C_  aaS  / 

* 

A ssszsingJf-  l/3  fset  as  before  and  S  =  1/5°  *1  ft,  the  torque  be  cooes 
0.6  x  10--*  and  0.4  x  10“5  ft-lb  at  70,000  and  200,000  feet,  respectively, 
for  an  angle  off  attack  variation  off  O.OQy  degrees.  There  are  two  ways  off 
reading  out  the  pivot  shaft  attitude  angle  to  the  resolution  desired  over  a 
total  angle  off  attack  range  from  0  to  50  degrees.  These  are  a  two-speed 
synchro  or  a  special  gear  arrangement  and  a  precision  potentiometer.  The 
torque  required  for  a  synchro  is  less  than  for  a  potentiometer.  The  minimum 
torxrae  to  overcome  the  bearing  friction  falls  between  2.5  x  10“^  and  2.5  x 
10-3  ft-lb.  With  a  gear  ratio  off  10:1  for  the  second  synchro  this  becomes 
2.5  x  10~ 3  and  2.5  x  10“2  ft-lb.  At  200,000  ffeet  the  required  values  are 
far  removed  from  the  torque  available  values  indicated  above. 

The  above  two  arguments  and  the  problem  off  finding  suitable  vane  and  pivot 
materials  for  the  high  temperature  environment  discourages  further  considera¬ 
tion  off  moving  vanes  unless  a  new  and  radically  different  kind  of  readout 
device  can  be  invented. 

Attention  is  now  directed  to  fixed  and  sdrvoea  sensors.  The  technical 
advantages  off  a  servoed  sensor  can  be  demonstrated  if  the  following  arguments 
are  considered: 

1.  For  each  fixed  sensor  configuration  there  is  an  equivalent  servoed 
sensor. 

2.  A  fixed  sensor  measures  a  magnitude  while  a  servoed  sensor  requires 
oniy  the  detection  of  a  difference  in  ei'ther  pressure,  force  or 
displacement,  either  plus  or  minus.  At  a  wide  variety  of  altitudes 
and  speeds,  ample  torque  is  available  through  the  servo  device  to 
drive  the  readout  device  with  a  resulting  improvement  in  accuracy. 

The  above  arguments  would  seem  tc  rule  out  fixed  sensors;  however,  their 
greater  simplicity  must  be  weighed  along  with  their  ability  to  provide  a 
high  degree  of  resolution  at  their  design  dynamic  pressure  if  the  maximum 
quantity  to  be  measured  is  small.  A  compromise  design  has  evolved  for  a 
one-axis  Q-ball  which  would  be  servoed  for  angle  of  attack  measurements  only. 
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Such  a  design  is  possible  since  the  angle  of  sideslip  will  vary  through  a  much 
smaller  range  of  values  than  the  angle  of  attack  which  has  a  large  nonturbulent 
component  that  is  dependent  upon  the  cruise  attitude.  The  small  range  in  the 
angle  of  sideslip  permits  if  ploying  a  differential  pressure  transducer  with  a 
high  degree  of  resolution. 

7.1. 1.3  The  Recommended  Flow  Direction  Sensor 

Figure  44  is  a  drawing  .of  the  proposed  design.  The  nose  is  a  2. 5-inch  diameter 
sphere  and  the  afterbody  is  part  of  the  nose  cone  of  the  HI -HI  CAT  vehicle.  The 
sphere  is  capatle  of  *25  degree  in  pitch  about  a  nominal  +25  degrees.  The 
array  of  pressure  ports  on  the  sphere  is  equivalent  to  that  on  the  X-15  Q-ball. 
Six  pressure  ports  are  used:  three  differential  and  one  absolute  pressure  are 
measured  as  required  in  the  determination  of  Mach  number,  pressure  altitude, 
angle  of  attack,  and  angle  of  sideslip. 

The  pressure  transducers  are  capacitive  types  as  used  on  all  previous  Q-balls. 
The  transducers  perform  as  required  for  the  measurement  of  flow  direction  and, 
in  addition,  have  demonstrated  resolution  and  stability  properties  consistent 
with  the  attainment  of  the  severe  0,005  degree  short  time  accuracy. 

The  sphere  actuation  system  is  made  up  of  a  servo  motor  driving  a  gear  train 
whose  final  sector  is  pushrod-connected  to  the  sphere.  All  the  gears  are 
spring-loaded  to  prevent  backlash.  A  synchro  is  located  at  the  next  to  the 
last  gear  to  provide  an  amplified  sphere  position  readout. 

The  electronics,  power  supplies,  amplifiers,  demodulators  and  other  circuitry 
are  all  located  in  a  package  aft  of  the  transducers.  The  components  will  be 
mounted  on  rough  boards  stacked  up  within  a  cylindrical  housing.  Figure  45  is 
a  block  diagram  of  the  electronics.  Power  required  at  28  volts  dc  (direct 
current)  is  22  watts  for  the  electronics. 

Other  power  requirements  will  be  converted  internally  from  the  28  volts  dc. 

Four  hundred  cycle  power  is  the  primary  frequency  expected;  however,  higher 
frequency  excitation  may  be  required  for  the  transducers,  depending  upon  the 
exact  models  chosen. 

The  philosophy  to  be  followed  in  the  electronics  is  one  of  utilizing  proven 
components  of  the  most  up  to  date  (and  additionally,  miniaturized)  types 
available.  Where  integrated  circuits  are  used,  they  will  be  of  available 
types:  special  circuits  are  not  anticipated.  Clearly  semiconductor  devices 
will  be  used  as  active  circuit  elements  throughout.  Military  quality  parts 
will  be  utilized. 

Servo  analysis  shows  promise  of  resolving  and  correlating  the  angle  of  attack 
over  a  time  of  20  seconds  within  0.005  degree.  The  dominant  dynamic  behavior 
of  the  servo  system  is  nominally  that  of  a  second  order  system  with  a  resonant 
frequency  of  about  6  cps  and  a  damping  ratio  of  0.5;  thus  the  amplitude  ratio 
for  a  sinusoidal  input  is  "flat"  within  3  db  out.  to  about  7  cps.  Hence,  the 
present  design  does  not  achieve  the  desired  goal  of  10  cps  or  higher  within 
the  limits  of  already  developed  components.  Study  should  be  conducted  to  dis¬ 
cover  if  components  of  new  design  could  substantially  improve  the  response  of 
the  Q-ball  system. 
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PRESSURE  TRANSDUCER 


P0(P70>-  PRESSURE  AT  0  (70)  DEG  PORT 

FIGURE  ill*.  Q-BALL  DESIGN 


PRESET 

EXCITATION  VARIABLE  GAIN  EXCITATION 


FIGURE  45,  SINGLE-AXIS  Q-RALL 


Tbs  Q-fcall  systea  is  cot  gain  compensated.  Since  the  error  signal  is  a 
pressure,  the  anticipated  dynaaic  pressure  level  most  be  set  prior  to  flight, 
the  systea  will  operate  satisfactorily-  at  dynaaic  pressures  greater  or  less 
than  the  pre-set  level  by  kO  percent. 

The  sphere  rate  capability  is  320  degrees  per  second,  which  corresponds  to 
tracking  a  wind  shear  of  5.6  per  second.  Reference  13  indicates  a  probability 
of  99-9  percent  that  the  wind  shear  is  less  than  0.C6  per  secoisd  for  a  wave¬ 
length  of  9 35  feet. 

7-1.2  Flight  Data  Keasureaents 

Two  pressures  on  the  surface  of  the  Q-ball  are  measured,  an  absolute  pressure 
and  a  differential  pressure.  The  absolute  pressure  is  from  a  port  located  70 
degrees  froa  the  nominal  airflow  direction  while  the  differential  pressure  is 
between  this  port  and  one  located  at  0  degrees.  Since  the  sphere  position  is 
jsalhtained  constant  relative  to  the  airflow  direction,  these  pressures  are  in¬ 
dependent  of  the  vehicle  attitude  and  their  ratio  is  a  unique  function  of  Mach 
number.  Therefore,  a  solution  for  Mach  number  exists.  Then,  given  Mach  number 
and  one  of  the  two  measured  pressures,  there  are  unique  dosed  solutions  for 
other  air  data  parameters,  including  dynaaic  pressure  and  static  pressure. 

Figure  6  of  Reference  12  illustrates  accuracy  curves  derived  froa  X-15  flight 
test  calibrations.  The  errors  are  large  at  the  high  supersonic  cruise  speeds 
anticipated  because  of  the  "Mach  freeze*  phenomenon  even  when  account  is  taken 
of  the  conservativeness  of  the  data.  The  figure  shows  errors  of  7  and  20  per¬ 
cent  at  Mach  4  and  6,  respectively,  for  static  pressure  and  errors  of  4.5  and 
10  percent  in  Mach  number. 

The  above  discussion  illustrates  the  fact  that  the  true  speed  of  the  HI -HI  CAT 
vehicle  should  not  be  derived  from  Q-ball  measurements.  Rather,  this  data  must 
be  obtained  froa  the  inertial  flight  data  system  which  is  described  in  detail 
in  Section  6  of  this  report.  The  function  -in  the  flight  data  system  which 
generates  the  flight  velocity  should  be  accurate  to  about  1  percent,  assuming 
the  maximum  turbulence  velocity  to  be  measured  is  100  times  the  minimum. 

The  other  flight  data  measurements  of  interest  Are  the  pitch,  roll  and  yaw 
angles  and  the  longitudinal,  lateral  and  vertical  accelerations.  These 
flight  path  parameters  could  be  obtained  from  the  inertial  navigation  system. 
However,  the  accuracy  of  the  synchro  transmitters  used  to  read  out  the  attitude 
angles  is  an  order  of  magnitude  below  the  instrumentation  requirement  Modifi¬ 
cations  of  the  existing  platform  gimbals  to  add  precision  transducer  would  re¬ 
sult  in  a  long  and  costly  development  program.  An  alternative  is  to  provide  a 
cluster  of  precision  rate  gyros  and  integrate  the  signals  with  ground  base  com¬ 
puters  for  the  ac  attitude  angles.  The  recommended  package  is  a  cluster  of 
three  high  precision  instrument  sensor  gyros  and  three  vernier  range  extenders 
used  to  obtain  accurate  angular  rate  data  around  the  pitch,  roll  and  yaw  axis 
of  the  vehicle.  The  package  contains  three  Systron-Donner  Model  8140  precision 
servo-torque-balance,  dc  rate  gyros  capable  of  resolving  angular  velocities  of 
0.00015  degree  per  second  and  three  Systron-Donner  Model  4106  vernier  range  ex¬ 
tenders.  Since  0  =  u£  and  since  w  -  0.33  radians  per  second  is  the  minimum  de¬ 
sign  frequency,  0  =  0.00015/0.33  =  0.00045  degree  and  ample  capability  is  pro¬ 
vided  for  meeting  the  required  accuracy  of  0.005  degree. 
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Quasi-static  (de)  attitude  angles  gust  also  be  measured  in  order  to  tranafom 
the  acceleration  and  wind  velocity  cocponents  frota  body  to  earth  axis  and  vice 
versa.  Tbet*  are  obtained,  with  a  satisfactory  degree  of  accuracy,  free  the 
inertial  navigation  systea  discussed  in  Section  6.  This  systea  is  also 
capable  of  providing  acceleration  data  to  the  required  degree  of  accuracy  over 
the  entire  frequency  range  of  interest,  fres  dc  to  10  cps. 

7.1.3  Airfrase  and  Subsystem  Measured ents 

To  provide  a  check  on  airfrase  and  subsystem  performance,  a  nuaber  of  data 
channels  should  be  included  for  engineering  parameters  such  as  subsystem 
pressures  and  temperatures,  structural  strains  and  temperatures  and  a  nuaber 
of  staple  on-off  type  of  events.  It  is  expected  that  all  engineering 
parameters  can  be  instrtEerrted  with  standard  equipment  and  there  will  be  no 
requirement  for  additional  development.  Extreme  accuracies  are  not  necessary. 
The  engineering  parameters  to  be  measured  can  be  reduced  as  the  program 
advances  through  the  development  flight  tests  until  a  full  set  of  meteor¬ 
ological  parameters  can  be  measured.  In  this  ina'uaer  the  number  of  channels 
required  can  be  reduced  to  a  minimum. 

7.2  DATA  C0HDITI0HIHG  EQUIPMENT 

By  proper  selection  of  transducers,  excitation  voltages,  and  pre-conditioning, 
the  transducer  outputs  can  all  be  developed  as  a  dc  voltage  which  is  a  linear 
function  of  the  measured  parameter.  The  dynamic  range  and  scale  factor  of 
each  of  these  signals  must  now  be  adjusted  to  fall  within  the  0  to  5  volt 
input  range  requirement  of  the  multiplexing  equipment.  Isolation  is  also 
needed  to  prevent  electrical  loading  of  the  transducers  which  would  adversely 
affect  their  accuracy.  There  are  three  generally  acceptable  methods  by  which 
this  can  be  accomplished.  One  approach  would  be  to  reduce  the  amplitude  of 
all  signals,  by  using  resistor  divider  networks,  to  a  0  to  20  millivolt  range 
and  use  low  level  commutation  followed  by  a  single  amplifier  to  establish  ail 
commutated  (multiplexed)  data  at  a  0  to  5  volt  range.  This  method  is  not 
considered  to  be  optimum  since  low  level  signals  cannot  be  measured  to  a  high 
degree  of  accuracy  due  to  inherent  system  noise.  A  second  method  would  be 
to  supply  a  dc  isolation  and  scaling  amplifier  for  each  measured  parameter  to 
properly  scale  the  measured  parameters  to  be  within  the  desired  0  to  5  volt 
scale  for  high  level  commutation.  This  method  would  provide  for  optimum 
system  accuracy  and  performance;  however,  it  is  also  the  most  expensive  due 
to  the  extra  equipment  and  power  required.  The  third  method  is  a  compromi.se 
which  would  provide  for  ba6h  high  and  low  level  commutation  within  the 
telemetry  module  and  condition  the  signals  which  do  not  need  to  be  20  milli¬ 
volts  cr  0  to  5  volts.  In  this  ease  low  level  signals  which  do  not  need  to 
be  read  to  extreme  accuracies  can  be  low  level  commutated  with  a  resulting 
reduction  in  equipment.  This  method  is  recommended  as  being  the  optimum  for 
the  HI-HICAT  system, 

A  typical  bridge  circuit  followed  by  an  isolation  and  scaling  dc  amplifier  is 
illustrated  in  Figure  46.  In  some  cases  the  overall  dynamic  range  cf  m&tsure- 
ment  of  a  parameter  is  too  great  for  sufficient  resolution  to  be  obtained  from 
a  single  output  range  of  only  0  to  5  volts.  In  these  cases  it  is  recommended 
that  a  range  extender  be  employed  to  provide  both  a  coarse  and  a  fine  data 
channel.  Figure  47  illustrates  the  major  components  of  the  range  extender 
unit.  The  range  extender  functions  as  follows.  The  output  of  the  transducer 
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CALIBRATION 

ADJUSTMENT 


FIGURE  46  TRANSDUCER  OUTPUT  SIGNAL  CONDITIONING 


MINIMUM  TRANSDUCER  OUTPUT  MAXIMUM 


FIGURE  V?  HIGH  RESOLUTION  RANGE  EXTENDER 
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is  amplified  by  a  dc  amplifier.  If  no  additional  circuitry  were  used  and  fche 
transducer  output  varied  over  a  vide  range,  the  output  of  the  amplifier  would 
he  quickly  driven  from  saturation  to  cut  off.  However,  as  the  output  of  the 
amplifier  approaches  either  limit,  one  of  the  voltage  comparator  circuits  will 
function  to  open  a  count  up  or  a  count  down  gate  in  the  up- dcrwn  counter.  This 
action  will  allow  a  clock  pulse  to  drive  the  counter  either  up  or  down  depend¬ 
ing  on  which  amplifier  limit  is  being  approached.  The  output  of  the  counter 
is  fed  to  a  digital-to-analog  converter  whose  output  is  fed  through  a  dc  ampli¬ 
fier  and  a  summing  resistor  to  the  input  of  the  first  dc  amplifier.  The  polar¬ 
ity  of  the  converter  output  is  selected  to  he  opposite  to  that  of  the  trans¬ 
ducer  output.  The  action  of  this  circuitry  is  to  shift  a  small,  amplified 
range  of  measurement  anywhere  within  the  large  dynamic  range  of  the  measured 
variable.  Thus  by  observing  the  converter  output  as  a  coarse  data  channel  and 
the  operational  amplifier  output  as  a  fine  data  channel,  accurate  measurements 
over  large  dynamic  ranges  can  be  made  with  a  minimum  data  channel  resolution 
.as.  illustrated  in  Figure  k7*  The,  only  ..limiting,  factor  to  the  overall  resolu¬ 
tion  is  the  system  noise  level. 

7-3  DATA  STORAGE  AND  TRANSMISSION 

7.3.1  General  Requirements 

Once  having  provided  the  instrumentation  necessary  for  the  measurement  of  all 
pertinent  parameters  to  the  accuracies  stipulated  by  the  mission  requirements, 
it  becomes  necessary  to  provide  some  means  of  transferring  these  data  to  the 
ground  for  complete  data  reduction  and  janalysis.  These  data  can  either  he 
transmitted  directly  to  the  gpound  in  real  time,  or  data  can  he  stored  in  some 
fashion  aboard  the  vehicle  and  recovered  on  the  ground  at  the  conclusion  of 
the  mission.  Regardless  of  the  methods  used,  care  must  be  exercised  to  assure 
that  the  transmittal  method  selected  does  not  in  any  way  deteriorate  the  accu¬ 
racy  of  these  data. 

Since  the  vehicle  is  to  be  recovered  at  the  end  of  each  mission,  it  would  he 
possible  to  store  the  data  aboard  the  vehicle.  The  obvious  objection  is  the 
possible  loss  of  all  data  should  the  vehicle  be  lost.  A  telemetry  link  with 
the  ground  could  be  used  which  would  assure  the  reception  of  at  least  seme 
data  whether  the  vehicle  was  recovered  or  not.  However,  this  method  requires 
more  equipment  either  on  the  ground  or  in  the  launch  and  recovery  aircrafts, 
or  both.  Both  methods  are  considered  in  the  following  analysis. 

7.3.2  On-Board  Data  Storage 

Digital  data  storage  for  a  10  to  15  minute  flight  requires  a  capacity  of  better 
than  13  million  bits.  Although  there  are  numerous  methods  and  equipment 
available  for  the  storage  of  digitized  data,  only  the  magnetic  tape  recorder 
is  considered  practical  because  of  the  large  volume  of  data.  Magnetic  tape 
recorder  technology  i3  well  advanced  and  there  are  a  number  of  units  avail¬ 
able  which  have  been  especially  designed  to  withstand  environmental 
conditions  far  more  severe  than  those  expected  for  the  HI-HICAT  mission. 
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If  the  data  were  to  be  recorded  in  analog  form,  a  typical  tape  recorder  unit, 
supplied  with  record  only  electronics,  would  occupy  a  volume  of  about  0.6  cu.  ft., 
weigh  about  20  pounds,  and  use  from  30  to  35  watts  of  power.  This  would  be  a 
machine  supplied  with  a  5  inch  reel  of  one  inch  tape  and  providing  14  data 

tracks.  Synchro  signals  would  be  directly  recorded  while  temperature  and  pres¬ 

sure  signals  would  be  time  shared  on  one  track.  A  five  inch  reel  of  tape  pro¬ 
vides  about  26  minutes  of  recording  time  at  a  tape  speed  of  7-1/2  ips  and  would 
be  a  more  than  adequate  margin  of  data  storage.  A  tape  speed  of  7-1/2  ips 
allows  for  a  direct  recording  bandwidth  of  100  cps  to  25  kc  and  with  a  FM  car¬ 
rier  of  13.5  kc,  would  provide  a  bandwidth  of  from  dc  to  2.5  kc.  Such  a  band¬ 

width  is  more  than  adequate  for  the  HI-HICAT  mission. 

All  considerations  to  this  point  favor  analog  recording  of  HI-HICAT  data.  There 
is,  however,  one  very  important  limitation  which  rules  out  this  method  of  data 
storage.  The  average  signal- to-noise  ratio  is  from  32  to  4o  db.  For  the  most 
optimum  signal-to-noise  ratio,  this  would  limit  the  readable  dynamic  range  for 
any  recorded  parameter  to  100  to  1.  This  range  is  less  than  that  required  to 
obtain  the  accuracy  stipulated  for  wind  gust  measurements  by  over  a  factor  of 
10.  Hence  analog  recording  is  not  recommended. 

Another  approach  is  to  record  the  data  in  digital  form,  there'  r  overcoming  the 
objectionable  noise  level  of  the  analog  recording  method.  W*th  proper  selec¬ 
tion  of  bit  rate,  word  length  and  sampling  rate,  the  recorder  just  described 
could  be  used.  However,  with  all  data  reduced  to  a  digital  pulse  train,  a 
much  smaller  recorder  will  serve.  A  two  track  machine  using  a  double  pass  on 
k50  feet  of  l/2  mil  mylar  tape  at  a  tape  speed  of  10  ips  would  provide  a  re¬ 
cording  time  of  18  minutes.  One  track  would  be  used  for  data  and  the  other 
for  a  clock  pulse  at  a  packing  density  of  1000  bits  per  inch  of  tape.  Such  a 
recorder  would  have  a  maximum  size  of  7.5  by  4.5  by  3.0  inches,  would  weigh 
less  than  5  pounds  and  require  only  5  watts  of  power.  The  missed  bit  error 
rate  would  be  less  than  1  in  105.  Such  a  recorder  would  be  about  the  size  and 
weight  of  a  telemetry  transmitter,  but  it  would  require  much  less  power.  ‘Tlie 
tapes  could  be  played  back  and  the  data  reduced  at  any  number  of  existing  Air 
Force  data  reduction  centers  thus  eliminating  any  need  for  additional  ground 
support  equipment. 

There  would  seem  to  be  no  valid  reason  against  airborne  data  recording  in  digi¬ 
tal  form  once  the  HI-HICAT  system  has  proven  itself  reliable.  For  the  early 
development  flights,  though,  a  telemetering  transmitter  should  be  installed 
and  flights  made  over  a  missile  range  where  ample  ground  support  equipment 
and  facilities  are  available.  Later  flights  with  an  airlxrne  recorder  could 
be  made  in  any  nonrestricted  area  in  the  world. 

7.3.3  Telemetry  Link 


7.3,3»i  Range  Limitations 

One  of  the  first  considerations  is  range.  A  telemetry  signal  generated  in  the 
HI-HICAT  vehicle  is  of  little  use  if  it  is  hot  received.  There  are  three 
places  where  receiver  sites  may  be  located:  the  launch  aircraft,  the  recovery 
aircraft,  and  on  the  ground.  Maximum  range  for  any  ground  station  is  approxi¬ 
mated  to  reasonable  accuracy  by 

d  *  (2b)1/2 
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wh  fil'd 


h  =  trwnaattter  height  above  sea  level  in  feet  and 

d  =  radio  distance  to  effective  horizon  in  miles. 

Pros*  this  equation,  the' maximum  reception  range,  when  the  HI-HICAT  vehicle  is 
flying  at  70,000  feet,  is  about  570  Biles.  At  500,000  feet,  it  is  about  640 
miles. 


As  the  figures  show,  if  ground  stations  are  used  for  reception  of  telemetry 
data,  flight  will  be  restricted  to  areas  in  the  immediate  vicinity  of  existing 
receiver  sites.  This  could  be  overcome  by  providing  one  or  more  transportable 
receiver  systems,  but  at  considerable  expense.  If  the  flights  are  over  water, 
the  problem  becomes  even  mor^  complex,  for  receiver  sices  must  now  be 
provided  on  ships  stationed  in  the  test  area.  A  much  more  flexible  method  is 
to  provide  a  receiver  and  a  tape  recorder  in  both  the  launch  and  recovery 
aircraft,  using  any  available  ground  receiver  site  that  is  in  range  as  backup. 

7.3. 3*2  Transmitter  Power 

For  normal  free-space  propagation,  an  equation  to  compute  the  transmitter 
power  for  a  required  output  signal-to-noise  ratio  is  given  below  in  terms  of 
antenna  reflector  dimensions  and  system  parameters. 

BL2  i  5 
K  H 

where 

P+  =  power  available  at  the  transmitter  output  in  watts, 

A  =  power  loss  ratio  due  to  transmission  line  at  transmitter, 

”  power  loss  ratio  due  to  transmission  line  at  receiver, 

B  =  root-mean-square  bandwidth  in  megacycles, 

L  =  total  length  of  transmission  in  miles, 
f  =  carrier  frequency  in  megacycles, 
r  =  radius  of  parabolic  reflector  in  feet, 

F  =  power  ratio  noise  figure  of  receiver, 

K  =  improvement  in  signal-to-noise  ratio  due  to  modulation  and, 

g 

3  required  signal-to-noise  ratio  at  the  receiver. 

It  is  difficult  to  determine  exact  values  for  the  power  loss  ratio  without  a 
complete  system  design,  but  a  value  of  6  db  (0.5)  can  be  selected  as  a  worst 
case  value.  A  typical  system  value  for  B  is  0.1  me,  for  L  is  600  miles 
maximum,  for  f  is  2p0  me,  for  r  is  0,5  feet  (this  value  for  r  was  selected 


,  _  A.  ^2 

t  =  40 
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since  a  parabolic  reflector  is  roughly  equivalent  to  a  half  wave  dipole),  for 
F  is  5,  for  K  is  0.2  (FM  systen)  and  for  S/H  is  4  (for  consistent  data).  Sub¬ 
stituting  in  the  above  equation  indicates  a  niniaun  usable  transmitter  output 
is  1/2  watt.  Transmitters  are  available  in  almost  any  power  range  up  to  20 
watts.  To  provide  a  reliable  signal  to  the  receiver  and  a  reasonable  design 
factor,  at  least  a  5  watt  transmitter  is  recoznended. 

7-3. 3*3  Antennas 

When  calculating  the  minimum  required  transmitter  power  above,  both  the  trans¬ 
mitter  and  receiver  antennas  were  taken  as  half  wave  dipoles.  A  slot  or  flush 
cavity  antenna  could  be  used  without  any  projecting  elements  to  disturb  the 
aerodynamics  of  the  HI-HICAT  vehicle.  A  properly  designed  slot  or  flush  cavity 
antenna  compares  very  favorably  with  a  dipole  both  in  radiated  pattern  and 
efficiency. 

The  launch  and  recovery  aircrafts  should  be  equipped  with  slot,  flush  cavity 
or  half  wave  dipole  antennas.  Additional  reliability  could  be  achieved  with 
a  directional  antenna,  but  the  additional  complexity  does  not  seem  to  be 
warranted. 

7.3.4  Data  Coding 

Since  there  is  such  a  large  number  of  parameters  which  must  be  measured,  it  is 
not  practical  to  provide  a  continuous  channel  for  each.  Some  method  of  time 
sharing  is  necessary. 

If  each  of  the  high  accuracy  data  parameters  is  measured  at  a  rate  of  at  least 
40  samples  per  second,  this  will  provide  a  high  frequency  response  satisfac¬ 
tory  for  turbulence  research.  This  rate  provides  a  data  sample  once  every  150 
feet  of  vehicle  travel  at  Mach  6. 

There  are  three  major  ways  that  sampled  data  can  be  coded.  The  values  may  be 
coded  as  a  pulse  amplitude  (PAM) ,  as  a  pulse  duration  (PDM)  or  as  digital  in¬ 
formation  (PCM) .  The  first  two  ways  are  limited  to  a  dynamic  range  of  about 
100  to  1  which  is  very  difficult  to  improve  upon  because  of  the  effects  of  noise 
and  bandwidth  limitations  of  normal  telemetry  systems.  PCM  does  not  have  this 
serious  limitation  since  the  data  reduction  equipment  is  only  required  to  de¬ 
termine  which  of  two  conditions  exist  for  each  pulse  period.  These  conditions 
can  be  the  presence  or  absence  of  a  pulse,  a  wide  or  narrow  pulse,  a  positive 
or  negative  pulse,  or  one  of  two  discrete  pulse  amplitudes.  The  most  common 
coding  method  in  use  today  is  the  non-return-to-,’ero  absence  or  presence  of  a 
voltage  level  for  the  entire  pulse  period.  This  method,  although  somewhat 
more  difficult  to  decode  because  of  synchronisation  difficulties,  utilizes 
the  available  time  to  the  greatest  degree  and  is  recommended  for  the  HI-HICAT 
system. 

Once  the  data  has  been  converted  to  its  digital  equivalent,  the  accuracy  will 
not  deteriorate,  provided  the  data  is  properly  received  and  decoded.  Accuracy 
depends  only  on  the  ability  to  convert  to  a  digital  code  and  on  the  selected 
word  length.  A  data  word  length  of  10  bits  will  provide  a  dynamic  range  of 
over  1000  to  1.  This  is  considered  to  be  optimum  for  the  HI-HICAT  system.  The 
accuracy  of  transducers,  the  normal  noise  levels  expected  and  the  difficulties 
experienced  in  analog-to-digital  converter  design  restricts  going  to  a  greater 
word  length.  The  actual  word  length  will  be  13  bits  since  one  extra  bit  acts 
as  a  parity  check  and  two  bits  are  for  word  synchronization. 
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Having  nov  established  a  rate  of  40  samples  per  second  and  a  word  length  of 
13  bits,  a  bit  rate  can  be  determined.  The  total  words  per  frame,  which  cor¬ 
responds  to  the  ranger  of  data  channels,  is  estimated  to  be  20.  The  bit  rate 
equals  the  sample  rate  tines  the  word  length  tines  the  number  of  words  and 
leads  to  a  rate  of  10,400  bits  per  second. 

Many  of  the  parameters  need  not  be  measured  at  a  rate  as  high  as  40  samples 
per  second.  Most  temperature  measurements  and  other  system  parameters  can  be 
sampled  at  a  much  slower  rate  and  sub  cogitated  onto  a  single  channel.  Ten 
such  parameters  could  be  measured  at  about  4  samples  per  second,  thus  occupy¬ 
ing  one  channel  (word)  in  the  main  frame.  Three  such  subcossaitated  words 
should  be  sufficient  for  the  EE-HICAT  mission. 

7-3*5  Airborne  Equipment 

The  major  components  of  the  data  acquisition  and  transmission  system  are  shown 
in  Figures  48  and  49,.  The  transducers,  signal  conditioning  equipment,  trans¬ 
mitter,  and  antenna  have  been  discussed.  The  only  remaining  components  fall 
within  what  is  termed  the  telemetry  module,  as  shown  in  Figure  49.  Although 
this  package,  containing  the  cocnmtators  or  multiplexers,  sample-and-hold 
circuits,  analog- to- digital  converter  and  programmer,  is  not  available  as  an 
off-the-shelf  item,  very  similar  equipment  has  been  built  in  modular  form  for 
use  on  various  missile  programs.  Only  the  proper  selection  of  a  module  and 
minor  packaging  modifications  are  required  to  supply  a  subsystem  which  will 
meet  the  requirement  of  the  EI-HICAT  program. 

The  functions  of  the  telemetry  module  are  to  select,  in  a  programmed  fashion, 
each  parameter  to  be  measured,  sample  the  output  and  generate  the  binary 
number  equivalent  to  the  sample  value.  This  digital  information  is  then  read 
out  in  serial  form  as  a  straight  binary,  non-return-to-zero  pulse  train  for 
transmission  or  recording  or  both.  The  complete  sequence  of  events  necessary 
to  accomplish  the  above  is  controlled  by  the  programmer,  which  contains  a 
precision  clock  oscillator  for  accurate-  timing. 

After  a  data  sample  has  been  digitized,  the  digital  information  is  stored 
temporarily  in  an  output  register  which  forms  a  part  of  the  analog-to-digital 
converter.  The  programmer  then  generates  the  parity  hit  and  the  two  bit  word 
synchronization  signal  and  adds  this  information  to  the  register  to  form  the 
composite  word.  The  word  is  then  reed  out  to  the  transmitter  or  recorder  ifa 
serial  form.  As  these  data  are  read  out,  the  next  parameter  is  sampled  and 
digitized.  The  sequence  of  events  is  continuous  such  that  the  output  is  a 
continuous  pulse  train  of  data  in  the  correct  format. 

7.4  DATA  REDUCTION 

Regardless  of  whether  the  data  is  recorded  onboard  the  HI-HICAT  vehicle  or  is 
telemetered  to  the  ground  via  a  VHF  radio  linkj  the  ground  readout  equipment 
is  similar.  Figure  50  shows  the  major  items  required  for  ground  readout. 

The  data  is  recorded  or  transmitted  in  straight  binary.  This  may  or  may  not 
be  compatible  with  the  input  requirements  of  the  computer  which  is  used  for 
data  reduction.  However,  after  the  data  pulse  train  has  been  normalized 
(filtered,  detected  and  reconstructed)  it  can  be  converted  to  a  binary  coded 
decimal  form  or  to  any  other  more  suitable  code  which  is  compatible  with  the 
input  requirements  of  the  computer  system  to  be  used  for  data  reduction  and 
evaluation. 
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FIGURE  48  AIRBORNE  INSTRUMENTATION 


NORMALIZED  BINARY  DATA  TO  COMPUTER 


FIGURE  50  GROUND  READOUT  EQ1 


Since  the  equipnent  required  for  the  ground  readout  end  analysis  of  data  are 
available  at  a  number  of  Air  Force  data  reduction  centers,  additional  equip¬ 
ment  is  not  considered  necessary  to  support  the  HI -HI  CAT  program.  Should  a 
desire  arise  for  a  special  data  reduction  center  exclusively  for  the  HI -HI  CAT 
program,  off-the-shelf  equipment  is  available  from  a  number  of  suppliers. 

7.5  POWER  REQUIREMENTS 

The  source  of  power  for  the  HI -HI  CAT  vehicle  mist  be  coiqpact,  yet  capable  of 
great  capacity;  lightweight,  yet  capable  of  high  current  drains.  The  most 
ideal  source  is  a  battery  pack  made  up  of  silver-sine  rechargeable  cells. 

Such  units  are  available  with  energy  outputs  of  40  to  50  watt-hour  per  pound 
and  2.4  to  3.2  watt-hour  per  cubic  inch.  The  average  cell  voltage  under  load 
is  about  1.4  volts;  therefore,  a  battery  -made  up  of  20  cells  will  have  an 
average  voltage  under  load  of  about  28.0  volts.  From  full  charge  to  the  dis¬ 
charged  state  the  voltage  should  not  change  by  more  than  4  volts.  1 1 5  watts 
of  battery  power  will  supply  a  satisfactory  reserve  for  instrumentation  re¬ 
quirements. 

7.6  INSTRUMENTATION  LIST 

The. instrumentation  package  will  include  a  time  shared  digital  data  system 
providing  20  channels  (words)  in  the  main  frame.  One  of  these  main  frame 
channels  will  be  the  frame  synchronisation  word  and  three  channels  will  be 
subcomrautated  leaving  16  main  frame  channels  as  data  channels  for  data  which 
is  to  be  sampled  at  a  high  rate.  Each  of  the  three  subframes  will  include  11 
subchannels.  One  each  of  tllese  will  be  used  as  a  subframe  synchronization 
word  leaving  10  channels  for  quasistatic  data  channels  which  are  sampled  at 
a  relatively  slow  rate.  Two  of  these  subchannels,  in  -turn,  shall  provide  20 
binary  channels  for  on-off  functions.  An  instrumentation  list  showing  range, 
sampling  rate,  maximum  resolution,  and  type  of  transducers  is  given  in  Table 
4,  which  would  be  applicable  to  turbulence  data  gathering  flights.  Channels 
17,  18  and  19  are  given  over  entirely  to  engineering  parameters  and  the  ones 
listed  are  a  typical  set. 
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TABLE  4 

IHSZHBHH2iTlTI0X  LIST 


7H 

SOB 

SAXPIE  VAXJHJX 

THA5SD0CE8 

CH 

CH 

BARAJETEEt 

RA2IG2 

EATS  RESOmnOH 

TIPS 

1 

Pressure  Altitude 

0  to  2000 

PS? 

45/Sec  2  PS? 

Pressure 

2 

Dynamic  Pressure 

0  to  1000 

i 

PS? 

1  PS? 

Q-Ball  Sensor 

3 

70  Beg.  Port  Pressure 

0  to  100 

1 

PS? 

0.1  PSF 

1 

2 

4 

Angle  of  Attack  Coarse 

0  to  50 

Deg 

0.05  Deg 

5 

Angle  of  Attack  Pine 

0.05  Deg 

0.005  Deg 

■ 

6 

Angle  cf  Sideslip 

±2.5  Deg 

0.005  Deg 

Q-B311 

Sensor 

T 

Pitch  Rate 

2  Deg/Sec 

0.002 

Rate  Gyro 

Deg/Sec 

8 

Yaw  Rate 

2  Deg/See 

0.002 

Rate  Gyro 

Deg/Sec 

9 

Roll  Rate 

2  Deg/Sec 

0.002 

Rate  Gyro 

Deg/Sec 

10 

Pitch  Angle 

0  to  50 

Deg 

0.05  Deg 

Position  Gyro 

11 

Yaw  Angle 

±25  Deg 

0.05  Deg 

I’osition  Gyro 

12 

Roll  Angle 

±25  Deg 

0.05  Deg 

Position  Gyro 

13 

Vertical  Acceleration 

0  to 

+2.0G 

0.002G 

Accelerometer 

l4 

Lateral  Acceleration 

±1.0G 

0.002G 

> 

Accelerometer 

15 

Longitudinal 

±1.0G 

Acceleration 

'  0.002G 

Accelerometer 

16 

Spare 

— 

45/Sec  — 

— 

- 

17 

Battery  Voltage 

0  to  32V 

4/Sec  0.03V 

None 

1 

Position 

N/A* 

4/Sec  N/A* 

Synchro 

*Not  applicable  to  meterological  data 
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IW5S 


I 


~~z</ 


tart.p.  4  (coktbiuhd) 


18 


SUB 

CH 

PARAMETER 

BARGE 

SAMPLE 

RATE 

KAX3HIM 

REsoncroR 

TRANSDUCES 

TZPB 

2 

Position 

4 

i 

4/Sec 

H/A* 

Synchro 

3 

Position 

h/a* 

l 

H/A* 

Synchro 

4 

Position 

A* 

N/A* 

Synchro 

5 

Magnetic  Heading 

3&>  Deg 

0.4  Deg 

Magnetometer 

6 

400  CPS  Converter 
Frequency 

too  ±20 
CPS 

0.4  CPS 

Frequency 

Detector 

7 

400  CPS  Converter 
Frequency 

115  ±10V 

0.1V 

Rectifier 

8 

Reference  Voltage 

20  12V 

0.02V 

None 

9 

Battery  Voltage 

0  tc  32V 

0.03V 

None 

10 

Spare 

— 

— 

11 

Subframe  Synchronism 

mmwm^ 

— 

— 

1 

Temperature 

n/a* 

n/a* 

Thermistor  or 

2 

3 

4 

) 

6 


Temperature 


Pressure 


8  Pressure 

9  10  Binary  Channels 

10  10  Binary  Channels 

11  Subframe  Synchronism 


N/A* 


4/Sec 


N/A* 


*Uo t  applicable  to  meterological  data 
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Thermocouple 


* 

Thermistor  or 
Thermocouple 

Pressure 

1 


Pressure 

Switches 

Switches 


TABLE  4  (CONCLUDED) 


*Not  applicable  to  meterological  data 
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PRESSURIZATION  AND  COOLING  SYSTEM 

A  schematic  of  a  proposed  pressurization  and  cooling  system  is  presented  in 
Figure  Helium  storage  at  extremely  low  temperatures  and  supercritical 
pressures  yields  fluid  densities  upwards  of  twice  that  for  liquid  helium 
which  is  7*8  pounds  per  cubic  foot.  Compared  to  liquid  nitrogen  and  other 
pressurizing  gases,  it  offers  a  lighter  system  without  the  problems  that 
can  exist  with  a  two-phase  fluid.  Such  systems  have  been  developed  for 
various  projects  during  the  last  few  years  and  their  cost  is  not  considered 
excessive  for  the  HI-HICAT  vehicle. 

The  analysis  to  follow  was  completed  for  a  parawing  vehicle  but  is 
applicable  with  only  slight  modification  to  a  lifting  body  vehicle. 

8.1  INSTRUMENTATION  COMPARTMENT  COOLING 

A  jet  pump  will  be  used  to  circulate  the  helium  in  the  instrumentation 
compartment.  One  quarter-inch  of  silica  fiber  insulation  is  required  to 
reduce  the  aerodynamic  heat  load  from  130,000  Btu  per  hour  to  13,000  Btu 
per  hour.  The  outlet  temperature  of  the  instrumentation  package  is  maintained 
at  a  maximum  175°F.  Primary  helium  gas  enters  the  jet  pump  initially  at 
-430°F,  but  by  the  end  of  cruise  the  helium  pill  be  at  -70° F  because  the 
storage  tank  pressure  must  be  maintained  at  1000  psia  by  internal  heaters. 

For  this  analysis  the  temperature  of  the  helium  injected  into  the  pump  was 
assumed  to  be  -250°F.  For  a  jet  pump  secondary-to -primary  flow  ratio  of 
2.0,  a  helium  injection  rate  into  the  pump  of  28.5  pounds  per  hour  is 
required.  Secondary  recirculating  helium  from  the  compartment  is  drawn  into 
the  pump  at  a  rate  of  57  pounds  per  hour  and. 300°F.  The  helium  exits  from  the 
mixing  section  at  85.5  pounds  per  hour  and  115° F. 

8.2  ACTUATOR  COMPARTMENT  COOLING 

Cooling  of  the  actuator  compartment  and  equipment  is  similar  to  that  discussed 
above  for  the  instrumentation  compartment.  The  cooling  requirement  is  slightly 
larger  because  of  the  large  equipment  heat  load.  A  jet  pump  flow  ratio  of 
2.0  was  assumed,  and  the  primary  helium  was  assumed  to  be  at  -250°F.  For 
these  conditions,  helium  is  injected  into  the  pump  at  a  required  35  pounds 
per  hour.  Secondary,  recirculated  helium  is  drawn  into  the  pump  at  230°F 
and  70  pounds  per  hour.  The  helium  leaves  the  pump  at  104°F  and  105  pounds 
per  hour.  For  the  assumed  equipment  heat  load,  the  equipment  helium  exit 
temperature  will  be  250° F. 

8.3  THERMAL  PROTECTION  FOR  THE  PROPELLANTS 

The  maximum  bulk  temperature  for  IRFNA  is  l40°F  whereas  for  Hydyne  MAF-4  the 
limit  is  335° P.  A  significant  amount  of  heat  shield  material  will  be 
required,  but  due  to  the  complexities  involved,  no  detailed  analysis  has  been 
attempted  at  this  time.  The  present  design  includes  an  average  thickness  of 
l/4  inch  of  cork  for  the  parading  tanks  on  the  basis  of  preliminary  estimates 
and  1/4  inch  of  silica  fiber  insulation  for  the  lifting  body  tanks. 
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FIGURE  51  PRESSURIZATION  AND  COOLING  SYSTEM 


8.4  PR0P5LLART  TANX  PRESSURIZATION 


One  major  difference  between  the  lifting  body  and  the  parawing  vehicle  is  /the 
use  of  a  pump  in  the  former  to  boost  the  pressure  of  the  propellants  up  to  a 
level  of  620  psia.  To  achieve  the  required  propellant  loading,  the  propellant 
tanks  for  the  lifting  body  must  occupy  all  usable  space  available.  Complex 
shapes  result,  which  are  inappropriate  . »  a  pressure-fed  system.  Therefore, 
the  tanks  are  pressurised  to  only  35  pe  -to  provide  positive  inlet  pressure 
to  a  turbopump  as  compared  to  a  maximum  pressure  of  465  psia  for  the  parawing 
tanks.  The  pump  is  located  under  the  recovery  system  compartment,  'and  it 
delivers  propellants  to  the  engine  module  at  approximately  62C  psia.  The 
propellant  tanks  in  either  case  will  be  pressurized  by  gaseous  helium.  Storage 
tank  pressure  is  initiated  with  an  electric  heater,  but  once  heat  is  avail¬ 
able  from  the  helium  exhausting  from  the  cooled  compartment  3,  the  tank 
pressure  is  maintained  by  the  heated  helium  passing  through  a  heat  exchanger 
inside  the  tank. 


SECTION  9 
WEIGHT 


The  weight  and  balance  for  both  the  parawing  and  the  lifting  body  vehicle  are 
given  in  Tables  5  and  6.  The  parawing  vehicle  is  25  feet,  4  inches  long, 
about  the  maximum  feasible  for  installation  under  an  F-4C  aircraft.  The 
19-inch  diameter,  however,  is  somewhat  arbitrary.  By  increasing  the  diameter, 
the  mass  ratio  can  bo  increased  with  a  resulting  increase  in  performance,  but 
the  increase  is  small  compared  to  the  increase  in  overall  weight.  An  increase 
in  overall  weight  means  an  increase  in  acquisition  and  operating  costs.  The 
present  diameter  is  believed  to  strike  a  satisfactory  compromise  resulting 
in  a  near  minimum  cost  per  data  mile. 

The  lifting  body  vehicle  has  a  length  of  21  feet,  7.5  inches.  It  fits  easily 
under  an  F-4C  vehicle  and  could  be  larger  both  in  length  and  breadth.  Like 
the  parawing  vehicle,  though,  the  present  size  is  be?.ieved  to  be  a 
satisfactory  compromise. 


TABLE  5 

PARAWING  VmCLE 
WEIGHT  AND  BALANCE 


Tail  Fins,  Nose,  and  Tail  Structure 

152 

Avionics  and  Batteries 

84 

Control  Actuators 

23 

Recovery  System 

63 

Pressurization  and  Cooling  System 

45 

Rocket.*Engine  Module 

131 

Propellant  Module  (including  Tank) 

321 

Propellants 

1816 

Liquid  Helium 

21 

Parawing  (Maximum  Area) 

217 

With  Large  Parawing  Without 
(Maximum  Area)  Parawing 

Full  Weight  2873  Lb  Lb 
Full  Center  of  Gravity  178  In.  (from  nose)  180  In. 
Empty  Weight  1036  Lb  819  Lb 
Empty  Center  of  Gravity  l80  In.  182  In. 


TABLE  6 


LIFTING  BOUT  VEHICLE 
WEIGHT  AND  BALANCE 


Airframe 

750  Lb 

Avionics  and  Batteries 

80 

Control  Actuators 

15 

Recovery  System 

88 

Pressurization  and  Cooling  System 

38 

Rocket  Engine  Module 

131 

Turbopump  System 

$5 

Propellants 

2092 

Liquid  Helium 

13 

Full  Weight 

3262  Lb 

Full  Center  of  Gravity 

160  In. (from  nose) 

Empty  Weight 

1157  Lb 

Empty  Center  of  Gravity 

166  In. 

115 
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SECTION  10 


OPERATIONS 


While  it  is  not  possible  at  this  time  to  obtain  a  definite  ruling,  it  may  be 
assumed  that  the  previous  pattern  of  allowing  unmanned  vehicles  to  fly  only 
over  unpopulated  or  sparsely  populated  land  areas  will  be  followered.  There  are, 
however,  adequate  ranges  throughout  he  world  where  the  vehicle  could  operate  to 
give  world  wide  turbulence  coverage.  Figure  52  shows  some  of  the  better  known 
unclassified  ranges.  As  the  flight  program  progresses  and  reliability  improves, 
flights  can  be  made  from  ranges  with  less  capabilities  than  the  National  Ranges 
in  the  Continental  U.S..A. 

10.1  WHITE  SANDS  MISSILE  RANGE 

A  tentative  flight  program  for  50  flights  presented  in  Table  7  shows  initial 
data  gathering  flights  from  White  Sands  Missile  Range  (WSMR) .  Since  the 
initial  flights  must  have  more  extensive  ground,  support,  the  capabilities  of 
the  WSMR  are  presented  in  some  detail  as  representative  of  those  considered 
necessary.  All  the  ranges  shown  in  Table  7  have  sufficient  tracking  facilities 
for  HI -HI CAT  operation  after  the  initial  data  gathering  flights  have  been 
successfully  flown. 

White  Sands  Missile  Range  covers  an  area  of  roughly  40  miles  by  100  miles, 
composing  approximately  4000  square  miles  of  the  Tularosa  Basin.  It  is 
flanked  on  the  west  by  the  Organ  or  San  Andres  Mountains  and  on  the  east  by  the 
Sacramento  Mountains.  Visibility  in  the  area  is  excellent,  being  greater  than 
ten  miles  9656  of  the  time.  The  nominal  range  is  87  nautical  miles  in  a 
northerly  direction.  The  only  exception  to  this  is  during  30  select  days  of 
the  year  when  the  range  is  extended  to  .122  nautical  miles.  This  still  falls 
short  of  the  range  requirement  of  the  HI -HI CAT  vehicle. 

Further  investigation  indicated  that  the  Athena  launching  area  at  Green  River, 
Utah,  would  be  suitable  for  the  program.  Normally  this  is  a  420  nautical  mile 
flight  impacting  near  the  RAN  site  at  WSMR.  This  would  give  a  sufficient 
range  for  the  proposed  HI-HICAT  flights.  Figure  53  shows  the  geographical 
layout  of  the  Green  River  Launch  Site,  as  presently  used  for  the  Athena  vehicle. 
Superimposed  is  a  typical  HI-HICAT  trajectory. 

The  following  organizations  and  their  equipment  are  available  at  WSMR  to  meet 
the  range  user's  requirements: 

A.  Measurement  Division  -  Collects  all  flight  data. 

B.  Data  Reduction  Division  -  Reduces  data  to  a  form  desired  by 
range  users. 

C.  Range  Services  Division  -  Provides  missile  recovery  services 
and  operates  Army  aircraft. 

D.  Range  Instrumentation  Development  Division  -  Accomplishes 
research  and  development  functions  associated  with 
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Flights 
1  -  5 
6-10 

ii  -  n 
18  -  25 
25  -  35 
36  -  4o 
4l  -  50 


TABLE  7 

FLIGHT  PROGRAM  FOR  50  FLIGHTS 


Location 

White  Sands  Missile  Range,  New  Mexico 

Western  Test  Range,  Vandenberg  Air  Force 
Base,  California 

Eglin 

Wallops 

Fort  Churchill,  Canada 
Hawaii 

Woomera,  Australia 
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the  development  and/or  improvement  of  data  collection/ 
reduction  equipment  and  techniques. 


E.  Range  Signal  Operations  Division  -  Coordinates  signal  effort 
in  support  of  range  operations. 

F.  Air  Weather  (Air  Force)  -  Under  coordination  control  of  the 
Chief,.  IRM,  provides  meteorological  support  to  range  users. 

G.  Air  Support  (Air  Force)  -  Under  coordination  control  of  the 
Chief,  IRM,  provides  aircraft  support  to  range  users. 

Areas  of  support  available  at  WSMR  that  could  be  used  in  HI-HICAT  flights  are 
given  below. 

10.1.1  Radar  Tracking 

Among  the  tracking  equipment  available  are  nine  AN/FPS-16  radars.  They  have 
tracking  rates  of  20,000  yd/sec  in  range,  40  deg/see  in  azimuth  and  30  deg/sec 
in  elevation,  with  an  RMS  range  error  of  5  yards.  Each  radar  can  supply  ac¬ 
quisition  data,  which  is  referenced  to  a  common  coordinate  system  within  WSMR, 
to  all  other  radars.  Radar  data  are  used  to  provide  real-time  information  to 
the  missile  flight  safety  officer,  trajectory  data  to  the  project,  acquisition 
data  to  other  range  information  systems,  and  vectoring  data  for  drones  and 
target  aircraft.  Both  skin  and  beacon  tracking  are  employed  simultaneously  to 
achieve  a  high  order  of  reliability. 

10.1.2  Optical  Tracking 

Optical  tracking  is  obtained  by  use  of  the  Askania  high  and  low  speed  cameras, 
at  frame  rates  from  1  to  60  frames  per  second.  The  present  cine theodolite 
system  yields  position  data  accurate  to  approximately  *20  seconds  of  arc. 
Derivative  velocity  and  acceleration  data  are  obtained  from  the  position 
measured. 

10.1.3  Telemetry 

The  range  has  the  capability  to  receive,  decoramutate,  record,  linearize,  and 
scale  factor  all  standard  Fl^/FM,  PAM/FM/FM,  and  PDfy'Fty'FM  telemetry  signals 
transmitted  in  the  2l6-to-260-megacycle  band.  Both  crystal-controlled  and 
tunable  receivers  are  used.  Magnetic  tapes,  oscillograph,  and  pen  recorders 
are  used  as  required.  Two  15-foot,  parabolic,  18-decibel  gain,  servo-driven 
antennas  are  in  use, 

10.1.4  Comma  nd  Control 

AN/FRW-2  and  AN/URW-15  FM  transmitters,  operating  in  thd  406-to-549-raegacycle 
band,  are  used  for  command  control.  These  transmitters  generate,  respectively, 
500  and  1000  watts  of  RF  power,  which  is  radiated  through  omnidirectional 


antennas.  Standard  IRIG  tone  generators  are  availablo  at  all  transmitter 
stations  to  provide  the  modulating  signals.  The  tone  generators  can  be  con¬ 
trolled  remotely  from  adjacent  range  control  centers.  Each  transmitter  has 
provisions  for  external  modulation,  if  required.  All  stations  have  two  trans¬ 
mitters,  with  one  transmitter  serving  as  automatic  standby. 

10.1.5  Meteorological  Data 

Atmospheric  data  are  collected  and  reduced  in  support  of  rocket,  missile,  and 
other  programs  at  WSMR.  The  operational  activities  center  around  the  collec¬ 
tion  of  data  on  various  atmospheric  parameters,  prior  to,  during,  and  after  the 
launch  of  a  missile.  Standard  and  nonstandard  systems  and  techniques  are 
utilised  in  obtaining  these  data.  Meteorological  data  are  obtained  from  obser¬ 
vations  and  measurements  of  atmospheric  pressure,  relative  humidity,  tempera¬ 
ture,  and  wind  velocity  vectors. 

WSMR  utilizes  a  double-theodolite  system  at  selected  3ites.  A  theodolite  is 
located  at  each  end  of  a  surveyed  baseline.  Azimuth  and  elevation  data  from 
each  theodolite  are  recorded  when  the  instruments  track  a  meteorological, 
balloon.  A  computer  automatically  reads  the  theodolite  data,  performs  the  re¬ 
quired  computations,  and  produces  a  graph  profile  of  the  observed  wind  compo¬ 
nents  from  ground  level  to  2000  feet.  These  data  are  reduced,  evaluated,  and 
presented  to  the  user  within  four  minutes  from  the  time  the  balloon  is  released. 

Six  permanent  Rawinsonde  launch  points  are  established  at  WSMR.  One  mobile 
unit  is  available  to  provide  off -range  or  special  area  support.  An  instrumentation 
balloon,  which  ascends  at  a  rate  of  approximately  1000  feet  per  minute  to  alti¬ 
tudes  of  between  75 >000  and  125,000  feet,  continuously  telemeters  temperatures, 
relative  humidity,  and  atmospheric  pressure  data  to  the  Rawin  AN/GMD-2  auto¬ 
matic  tracking  receiver.  Azimuth  and  elevation  angles  from  the  tracking  unit 
are  recorded  at  regular  intervals. 

Meteorological  soundings  up  to  altitudes  of  600,000  feet  can  be  obtained  by 
use  of  the  Nike  Cajun  rocket.  The  Areas  rocket,  most  frequently  fired,  can 
carry  a  relatively  simple  telemetry  system  up  to  altitudes  of  250,000  feet. 
Parachutes  are  often  launched  at  apogee.  Data  resulting  from  radar  track  of 
the  parachutes  are  reduced  to  wind  velocity  vectors. 

10.1.6  Data  Processing 

Data  processing  capabilities  are  extensive.  All  standard  IRIG  telemetry  sig¬ 
nals  can  be  decommutated,  digitized,  linearized,  scale  factored,  and  stored  on 
either  pen  recorders,  oscillographs  or  magnetic  tape. 

10.2  Other  Ranges 

No  other  overland  range  in  Continental  U.S.A,  is  adequate  for  the  HI-HICAT  mission, 
but  investigation  of  suitable  over-water  ranges  for  early  flights  was  made. 

f 

The  Pacific  Missile  Range  (H4R)  at  Point  Arguella,  California,  can  supply- 
support  matching  that  of  WSMR,  and  without  the  tight  scheduling  problem  of  the 
Eastern  Test  Range  (Cape  Kennedy) .  Included  in  this  support  is  offshore  ship¬ 
board  tracking,  and  air  snatch  capability  from  C130  aircraft  based  at  Edwards 
Air  Force  Base.  Figure  54  shows  the  support  capabilities  of  WTR  and  a  possible 
HI-HICAT  trajectory,  using  theix-  facilities. 
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WESTERN  TEST  RANGE  LAUNCH 
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FIGURE  54.  ASTERN  TEST  RANGE  LAUNCH 
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10.3  Snuwry 


To  suamarise,  the  recoanoended  mode  of  operation  for  the  5I-5ZCAT  vehicle  is: 

1.  ill  flying  over  non  or  sparsely  populated  areas. 

2.  Kaxjaaa  use  of  ground  facilities  for  tracking  and  data 
gathering  in  early  flights. 

3.  Initial,  data  flight  from  WSJ®  or  VTR. 

4.  Broadening  of  operational  use  of  experience  and  reliability 
is  gained,  to  eventual  world-wide  usage  with  nrfnlimm  ground 
support. 
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SECTION  11 


SCHEDULE  AND  PROGRAM 

A  pro  gran  for  either  a  paravlng  or  a  lifting  body  bears  such  a  high  degree  of 
similarity  that  there  is  no  need  to  differentiate  between  the  two. except  for 
a  research  phase  needed  for  the  paravlng.  The  lifting  body  is  a  shape  which 
has  been  studied  and  tested  extensively  in  recent  years  for  hypersonic 
vehicles.  The  data  from  past  programs  are  readily  applicable  to  the  HI-HICAT 
system.  Little  interest  has  existed  in  pa ravings  for  supersonic  or  hypersonic 
speeds,  primarily  because  fey  missions  require  the  extreme  altitude 
capabilities  in  lifting  flight  as vdoea  the  HI-HICAT  mission.  A  paravlng 
research  program  is  outlined  which  would  generate  sufficient  data  to  permit 
establishing  a  firm  foundation  for  the  theory  and  design  of  paravings.  The 
program  would  require  slightly  over  a  year  and  a  half,  and  it  must  be 
completed. .before  a  parawing. vehicle  .can  be  developed. 

l'i  .l  PARAWING  RESEARCH 

Little  is  known  concerning  the  behavior  of  paravings  at  supersonic  speeds. 

The  National  Aeronautics  and  Space  Administration  appears  to  be  the  only 
group  which  has  conducted  high  speed  tunnel  tests.  Only  three  reports, 
References  7,  14,  and  15,  contain  usable-data.  Also,  a  parawing  has  not  teen 
successfully  ij.own  at  supersonic  speeds:.  The  program  given  herein  is  intended 
to  increase  the  store  of'highspeed  aerodynamid  and  thermodynamic  data  and 
permit  the  development  and  verification  of  a  flexible  wing  theory.  The 
•outline  and  schedule  for  the  program  is  presented  in  Figure  55.  It  proceeds 
by  scheduling  "hot"  and  ’’cold"  wind  .tunnel  tests  early  in  the  program.  These 
tests  are  followed  by  the  design  and  fabrication  of  experimental  gliders. 

The  program  ends  with  the  successful  flight  test  of  one  of  the  experimental 
gliders.  -  - 


11.1.1  Cold  Tunnel  Tests 

High  speed  tests  for  aerodynamic  force,  data  ate  planned  for  wing  alone  models, 
a  wing  plus  body  model,  and  a  wing  plus  -body  plus  tail  model.  The  program  is 
based  on  the  utilization  of  Lockheed  ’  s  4.  by  4  feet  supersonic  blowdown  wind 
tunnel  located  in  the  Research  Center  at -Rye  Canyon  near  Saugus,  California. 
During  a  typical  blowdown,  the  angle  of  attack  or  the  angle  of  sideslip 
would  be  varied  slowly  while  the  forces  'and  m6nients  are  measured  with  a  six 
component  balance.  A  number  of  paravings  would: ,be  tested  (various  leading 
edge  sweep  angles,  canopy ’curvatures,  leading  edge  radii,  leading  edge  boom 
curvatures,  etc.),  at  high  and  low  Mach  numbers. 

Wing  deployment  tests  are  also  planned  in  addition  to  the  static  force  tests 
described  above.  Extension  would-, be  made  at  various  Mach  and  Reynolds 
numbers,  and  angles  of  attack  and  sideslip. 

The  program. calls  for  the  wind  tunnel  tests  to  be  preceded  by  aerodynamic  and 
thermodynamic  analysis.  This  analysis  is  intended  to  aid  in  the  selection  of 
configurations  for  testing  and  to  create  a  theoretical  framework  by  which  the 
test  data  can  be  analyzed. 


.’FIGURE"  55.  '  SU?i?RSOKics:PAK<\WiHG  KsSFASCE,, 
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Kct  Ti^nsi  Test? 


ilet  tunnel  t-jat-s  srs  ss-qaift-^  hecs-jis*  of  the >  complete  absence  cf  high 

•terMSjjstura  data.  ana  hscauS's.  ci  the  sos-iaus  eonceyn  ■s^toaa^d  about  hot  spots. 
At  the  high 02  altitude,  cohsiusrsbis  cw-'J ir.j  to  achieved  by  radiation,  tut  -on- 
fojctUE-stely  the  jur-otio“i  betvsen  tee  pareadng  and  the  body  is  a  complex,  tnermo- 
djns^fcie  configuration  having  areas  vith  jtesiriebsd  nv2.aving  angles*  for  radia¬ 
te  .?n.  A"  cumber  e£ 'design  op clone  ere  ?.vs5Jabie,  such  ze  fairings,  heat  shield 
c-nithi^o  find  errireae^y  high  temperature  satariaUi,  Until  tei^perstuye  data  are 
gaihr>  rvc,  the  awtp-'  of  the  fairissgg,  the  thickness  of  the  coatings,  and  the' 
jjKwi-  cuihabla  material  can  only  be  roughly  estimated. 


She  sob  dale  siren  in  Figure  55  “hove  the  hot  tunnel 
eoncvsrienily  vith  the  cold  tunnel  teste.  The  program 
tion  of  Lockheed* a  3&  inch  cviatfS-tor  hypersonic  iucnal 


tost?  being  conducted 
is  based  on  the  utilise- 


Rigid  models  would  be  constructed  which  would  to,  instrumented  for  sk5.n  tempera¬ 
tures  and  pressures.  Thermal  paint  yould  alao  be  employed,  Runs  at  various, 
angles  of  attack  and  sideslip  would  be  c.orplete-i  at  several  Mach  and  Reynolds 
numbers.  Tests  would  be  conducted  vHb  and  without  a  p&raving  and  with  end 
without  wing-body  fairings. 


11.1.3  Flight  Teste 

The  primary  objective  cf  the  *c-*s*«rou  pr-g.tua  is  a  successful  flight  of  a 
\jr*  *  *  >  robi..4.o  an  supersonic  speeds;  a  feat  which  has  not  been  accomplished 

to  date.  The  research  program  described  herein  calls  for  a  successful  flight 
test  of  :an  experimental  glider.  The  test  vehicle  would  weigh  roughly  300 
pounds  and  would  be  boosted., from  the  ground  up.  to  the  desired  altitude  and 
speed  by  a  solid  propellant  rocket  such  as  the  Black.  Brant  IV-A  motor.  At 
apogee,  the  parawing  would  be  deployed  and  . the  vehicle  would  decelerate  and 
•glide  down  to  conditions  suitable  for- initiating  the  parachute  recovery  pack¬ 
age.  The  only  guidance  u,  control  function  which  appears  to  be  essential  is 
a -roll  attitude  control  which  would  position  the  glider  in  an  upright  attitude 
before  the  wings  are  extended. 

Three  gliders  would  be  fabricated  vith  the  expectation  that  one  would  success¬ 
fully  complete  the  test.  The  choice  of  three  vehicles  is  in  line  with  the 
number-  chosen  for- similar  programs  which  involve  the  first  time  operation  of  a 
new  system  at  high  speed. 

11.1.4  Miscellaneous 

A  manufacturing  technology  study  would  not  be  necessary.  It  is  expected  the 
need  will  be  eliminated  when  the  manufacturing  technology  study  being  conducted 
by  the  Space  General  Corporation  of  El  Monte,  California,  is  completed  under 
Contract  AF33(t>57)-10252  (Reference  1.6).  Their  investigations  are  split  into 
three  phases  of  evaluation  and  design,  fabrication  and  tests  leading  to  the 
development  of  structural  designs;  materials,  manufacturing  processes  and 
techniques  for  use  iii  the  construction  of  inflatable  re-entry  vehicles.  mhe' 
results  of  their  study  will  be  applicable  to  high  speed  parawings  with  rigid 
leading  edges. 
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n,2  mmcm&x,  rssr  and  engins&euk} 

A.aciisduls  for  a  program  leading  to  the  development  cX  &  satisfactory  fll-HICAT 
systiiw  is  presented  in  figure  56*  it  is  divided  i£to  analysis,  subsystem  dc- 
and. teats,  instrumentation  design,  wind  tunnel  teste,  ground  teats,  flight 
rests,  and  miscellaneous.  Integrated  ey&iss  aaelysie  ts  conducted  in  step  with 
airfrftSe  design  with  due  consideration  given  to  the  interfaces  existing  between 
the  various  systems .  Within  the  first  month  the  basic  vehicle  pares* taro  should 
hr  established,  Also,  master  scheduling  will  have  formulated  the  ta«ke  to  he 
socixjpidshed  and  set  up  procedures  for  monitoring  the  progress  of  the  program, 

T.'ia  propulsion  and  fuel  system,  the  pressurization  and  cooling  system,  the 
recovery  system,  the  guidance  and  control  equipment,  and  the  instrumentation 
equipment  are  items  which  would  normally  he  subcontracted.  The  propulsion  end 
fuel  system  is  an  integral  part  of  the  overall  HI-HICAT  system  and  requires  a 
long  lead  tirae.  Its  design  is  shown  as  being  initiated  one  month  after  go- 
ahead,  The  design  of  the  other  named  systems  and  equipment  car,  bo  delayed 
until  the  integrated  system  analysis  is  near  corny lotion « 

Tho  main  pacing  item  is  the  first  f? isUi  wuj.ch  is  scheduled  for  19  months 

The  ground  tests  must,  of  course,  be  completed  prior  to  this 
and  a  one-month  lapse  in  time  from  the  end  of  ground  testing  to  the 
start  of  flight  testing  is  shown.  A  detailed  set  of  ground  tests  are  speci¬ 
fied  in  line  with  the  requireme~c  for  a  reliable  HI-EICAT  system  with  a  high 
degree  of  reusability;  It  appet  i-e  an  integrated  series  of  system  tests  can 
be  accomplished  at  the  same  time  that  the  rocket  engine  is  tested,  at  a  sav¬ 
ings  in  time  and  effort.  These  tests  will  include  vibration  tests,  shock 
tests,  acceleration  tests  in  a  centrifuge,  mission  temperature-pressure  simula¬ 
tion,  humidity  test  and  antenna  pattern  tests.  One  complete  vehicle  and  in¬ 
strumentation  will  be  scheduled  solely  for  these  tests. 

The  flight  tests  include  13  build  '.p  flights  to  maximum  speed  at  an  intermediate 
altitude.  All  the  flights  will  follow  the  planned  sequence  of  operation  from 
air  launch. to  air  recovery.  These  tests  will  be  preceded  by  F-4C  launch  re¬ 
lease  test  of  dummy  HI-HICAT  vehicles  at  supersonic  speeds. 

The  next  series  of  flight  tests  are  5  buildup  flights  to  the  maximum  design 
load  factor  at  the  maximum  speed.  These  are  followed  by.^  buildup  tests  at 
a  high  altitude  and  4  buildup  tests  at  a  low  altitude.  A  total  of  8  complete 
HI-HICAT  systems  are  allotted  to  the  development  flight  tests.  Assuming  14- 
flights  result  in  total  system  failure  or  unsatisfactory  data,  this  yields  a 
flight  development  program  consisting  of  a  total  of  13  +  5  +  5  +  4  +  14  =  4l 
launches. 

11.3  HI-HICAT  PRODUCTION 

The  proposed  production  program,  including  periods  of  performance,  duration  of 
project  by  months,  and  delivery  of  all  items  is  indicated  in  Figure  57.  The 
flight  tests  will  be  completed  in  32-1/2  months  after  go-ahead,  and  the 
research,  development,  tests  and  engineering  phase  will  be  completed  in  33-1/2 
months.  The  production  test  program  will  be  completed  in  4  years  after  go- 
ahead  for  50  data  flights,  in  6  years  for  500  data  flights,  and  7-1/2  years 
for  1000  data  flights.  This  program  assumes  the  use  of  USAF  test  facilities 
and  F-4C  and  C-130  aircraft .  Launches  will  be  conducted  from  only  one  USAF 
base  or  site  at  any  one  time  in  order  to  reduce  HI-HICAT  systems  and  equipment 
to  a  minimum. 
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MONTHS  FROM  GO-AHEAD 


FIGURE  56.  (CONTINUED) 


FIGURE  '56.  (CONCLUDED) 


MONTHS  FROM  GO 


FIGURE  57.  PRODUCTION 


SECTION  12 


COST  ANALYSIS 


System  costs  have  been  developed  for  a  HI -El  CAT  lifting  body  vehicle.  The 
costs  for  developing  a  HI -HI  CAT  parawing  vehicle  would  be  about  the  same,  and 
hence  are  not  shown.  However,  a  parawing  research  program  must  precede  a  HI- 
HECAT  parawing  development  program  and  these  additional  costs  are  detailed 
below.  The  data  for  the  lifting  body  vehicle  are  presented  in  Table  8. 

The  systems  include  the  RDT&E  (Research,  Development,  Test  and  Engineering), 
production  and  operating  phases  to  successfully  cwrplete  50,  500  and  1000 
data  flights. 

The  system  cost  analysis  includes  all  of  the  items  of  hardware,  facili¬ 
ties  and  services  for  the  design,  procurement  and  operation  of  the  HI -HI CAT 
system.  Inputs  to  the  cost  model  were  derived  from  several  sources  including 
Lockheed  historical  data,  subcontract  budget  estimates  and  data  from  U.  S. 
Government  publications.  Design  requirements  indicate  that  the  technology  and 
hardware  are  within  the  state-of-the-art.  Most  of  the  hardware  can  be  pro¬ 
cured  from  off-the-shelf  sources  or  with  a  minimum  development  cost. 

All  costs  are  based  on  1 965  dollars. 

12.1  HI -HI CAT  PARAWING  RESEARCH  COSTS 

As  discussed  previously,  the  available  information  on  the  behavior  of  parawings 
at  high  speeds  is  e>.  -.remely  limited.  Additional  research  would  therefore  be 
required  to  bring  the  parawing  up  to  t-he  existing  lifting  body  state-of-the- 
art.  The  cost  of  this  additional  work  is  based  on  the  test  program  laid  out  in 
Section- 11  and  the  schedule  of  Figure  55. 


PARAWING  RESEARCH  COST'S 
(Thousands  of  Dollars) 


Planning 

CO 

-*e- 

"Cold"  tunnel  tests 

180 

"Hot"  tunnel  tests 

75 

Test  vehicles,  design  to  manufacture 

1,500 

Ground  and  flight  tests 

230 

Reporting 

29 

Total 

$2,032 

12.2  HI -HI  CAT  RESEARCH,  DEVELOPMENT,  TEST  AND,  ENGINEERING  COSTS 

The  number  of  vehicles  required  for  the  test  program  was  derived  in  the  pre¬ 
ceding  section.  All  costs  are  included  to  develop  end  integrate  all  components, 
facilities  and  services  necessary  to  meet  the  system  mission  requirements. 
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TABLE  8 


COST  ANALYSIS  SUMMARY 
(THOUSANDS  OF  DOLLARS) 


Number  of  Successful  Data  Flights 

RUTHS  Costs  (subtotal) 

Airframe 
Engine 

Instrumentation 

Subsystems 

Other 

Production  Costs  (subtotal) 
Flyaway 
Airframe 
Engine 

Instrumentation 

Subsystems 

Other 

Spares 

Other 

Operating  Costs  (subtotal) 
Personnel 
Maintenance 
Fuel 
Other 

TOTAL  SYSTEM  COST 

Cost  per  Data  Flight  in  Dollars 


50 

500 

1,000 

(20,903) 

(20,903) 

(20,903) 

8,823 

8,823 

8,823 

2,  toO 

2,400 

2,400 

909 

909 

909 

too 

480 

480 

8,291 

8,291 

8,291 

(3,785) 

(18,876) 

(35,307) 

624 

3,202 

5,856 

362 

2,367 

4,703 

892 

5,908 

U,795 

237 

1,538 

3,050 

412 

2,299 

4,341 

253 

1,531 

2,975 

1,005 

2,031 

2,582 

(2,46o) 

(12,819) 

(23,731) 

300 

1,500 

2,400 

767 

6,280 

12,638 

87 

852 

1;705 

1,306 

4,187 

6,988 

27,148 

52,598 

79,941 

542,960 

105,196 

79,941 
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The  airframe  development  cost  is  derived  from  Lockheed  historical  data  and 
similar  vehicle  studies.  Propulsion,  pressurization  and  cooling,  recovery, 
guidance  and  control,  and  instrumentation  systems  costs  are  based  on  subcon¬ 
tractor  budget  estimates. 

Other  costs  include  the  development  of  aircraft  ground  equipment,  ground  and 
static  testing,  test  hardware  and  flight  testing. 

For  this  study,  it  is  assumed  that  the  USAF  will  furnish  the  facilities  and 
services  for  flight  testing  as  described  in  the  operations  phase.  Section  12.4. 

It  is  assumed  that  the  test  operating  crew  will  secure  the  necessary  training 
requirements  in  the  RDT&E  phase  to  efficiently  operate  the  data  collection 
program. 

12.3  HI -HI CAT  PRODUCTION  COSTS 

Flyaway  costs  include  all  material  labor  and  supporting  costs  for  the  produc¬ 
tion  of  the  following  number  of  HI-HICAT  vehicles: 

50  Data  Flights  -  6  Vehicles 
500  Data  Flights  -  40  Vehicles 
1000  Data  Flights  -  80  Vehicles 

Airframe  costs  are  estimated  from  Lockheed  data. 

Engine,  instrumentation,  and  sub-assembly  components  are  taken  from  sub¬ 
contractor  budget  estimates.  Installation  labor  is  based  on  the  requirements 
of  the  particular  component  or  subsystem. 

Due  to  the  small  production  required,  the  same  tooling  is  used  for  the  testing 
and  the  operational  vehicles. 

Other  costs  include  technical  integration,  support  equipment,  maintenance, 
sustaining  engineering,  manuals,  and  miscellaneous  costs. 

Initial  spares  costs  are  based  on  10  percent  of  the  flyaway  costs.  As  the 
propulsion  and  recovery  systems  refurbishment  costs  are  based  on  the  number  of 
vehicle  launches  and  the  number  of  kits  required,  these  costs  are  not 
included  in  the  initial  spares.  These  kits  are  included  in  the  operating 
refurbishing  cost. 

12.4  HI-HICAT  OPERATING  COSTS 

For  this  report  certain  assumptions  are  made  to  arrive  at  comparative  costs 
of  50,  500  and  1000  data  flights. 

1.  Launches  will  be  conducted  from  one  established  USAF  base  or  site  at 
any  one  time, 

2.  USAF  will  provide  facilities  for  storage,  maintenance,  refurbishing, 
operating  support  equipment,  and  supplies.  These  facilities  costs 
are  not  included. 
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3.  Operating  range  and  facilities  will  be  available  for  data  flights  as 
scheduled.  Such  costs  are  not  included. 

4.  USAF  will  maintain  all  government  furnished  facilities. 

5.  The  operating  team>  equipment,  and  supplies  will  be  transported  between 
locations  by  the  USAF.  The  cost  of  operations  in  foreign  areas  are 
not  included  as  the  locations  are  not  defined  at  this  time. 

6.  All  launch  aircraft  (F-4C),  and  recovery  aircraft  (C-I30)  equipped 
with  air  snatch  equipment  and  with  operating  crews,  will  be  furnished 
by  the  USAF.  These  costs  are  not  included  herein. 

7.  Housing  and  subsistence  costs  are  not  included  in  this  report. 

8.  It  is  assumed  that  operating  crews  will  have  secured  sufficient 
training  during  the  RDT&E  phase  that  training  will  not  be  required 
for  the  operating  phase  of  the  program. 

System  operating  costs  include  all  personnel,  equipment  and  supplies  to 
accomplish  the  program  for  50,  500  and  1000  data  flights. 

Personnel  includes  crews  to  manage  and  operate  the  system.  Estimated  minimum 
crew  sizes  are  estimated  at  30,  45  and  58  men  for  50,  500  and  1000  data 
flights. 

Maintenance  and  refurbishment  costs  are  based  on  an  initial  vehicle  turn¬ 
around  time  of  30  days.  This  performance  should  improve  with  experience  on 
extended  operating  programs.  Refurbishing  kit  costs  for  the  propulsior  and 
recovery  systems  are  based  on  the  number  of  vehicle  launches.  Kit  costs  ere 
based  on  subcontractors'  budget  estimates.  All  other  annual  replacement  costs 
are  based  as  a  percentage  of  the  component  or  system  costs. 

Fuel  costs  are  based  on  current  market  prices. 

Other  costs  include  launch  and  recovery  aircraft  operating  costs,  modification 
of  launch  aircraft,  data  planning,  acquisition  and  analysis. 

Launch  and  recovery  aircraft  operational  costs  axe  computed  by  extracts  from 
Reference  17,  These  costs  include  USAF  flight,  base,  and  depot  costs  based 
on  peacetime  aircraft  utilization.  It  is  estimated  that  one-F-J+C  launch 
aircraft  and  one  C-I30  recovery  aircraft  will  service  the  50  data  flight 
program.  For  500  data  flights  at  3  flights  per  week  and  1000  data  flights 
at  4  flights  per  week,  two  launch  and  two  recovery  aircraft  will  be  required. 

Aircraft  modifications  include  launch  pylons,  receiving  telemetry  and  command 
equipment  for  the  F-4C  and  the  C-130  aircraft. 

Data  acquisition  and  analysis  costs  are  based  on  current  HICAT  operations. 

The  ground  equipment  for  ground  readout  and  data  analysis  is  assumed  to  be 
available  and  no  costs  are  included  for  this  item. 
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SECTION  13 
ALTERNATE  SYSTEMS 

In  the  preceding  sections  there  have  been  comparisons  between  the  recommended 
system  and  various  alternatives.  The  intent  and  scope  of  the  present  contract 
is  the  study  of  a  vehicle  and  instrumentation  system  which  would  measure 
turbulence  at  extreme  altitudes.  Considering  the  difficulties  of  measuring 
turbulence  at  such  altitudes,  it  is  appropriate  to  examine  other  measuring 
systems.  These  alternate  systems  will  not  satisfy  all  the  requirements  of  the 
present  contract,  but  under  some  conditions  they  might  produce  data  with 
satisfactory  accuracy  at  a  lower  cost  per  data  bit. 

The  discussions  to  follow  are  brief  and  are  intended  solely  to  acquaint  the 
reader  with  the  possible  alternatives.  Considerable  background  information 
is  taken  from- a  -study  completed  for  the  Aero-Astrodynamics  Laboratory,  NASA, 
Marshall  Space  Flight  Center,  Huntsville,  Alabama,  References  18  and  19. 

That  study  fulfilled  a  need  for  gathering  together  and  analyzing  under  one 
cover  the  many  systems  for  measuring  the  wind  environment  of  large  space 
vehicles  rising  through  the  atmosphere.  Here  the  interest  is  for  horizontal 
rather  than  vertical  trajectories  and  for  higher  altitudes,  but  the  basic 
measuring  principles  remain  the  same. 

13.1  REMOTE  MEASURING  SYSTEMS 

Remote  systems  can  be  conceived  which  use  the-  intelligence  contains,!  in  the 
laser  or  radar  radiation  bhckscattered  by  aerosols  and  inhomogeneities  in  the 
atmosphere  to  deduce  the  turbulent  structure.  Such  concepts  hold  little 
promise  because  of  the  extremely  poor  signal  received-to-transmitted  power 
ratios  available. 

13.2  SOUND  SYSTEM 

The  use  of  a  sound  generator  was  discussed  in  Reference  19.  Unfortunately, 
a  pure  tone  passing  through  a  turbulent  atmosphere  is  distorted  to  a  signifi¬ 
cant  extent.  The  small  shifts  in  apparent  source  frequency  due  to  the  winds 
at  altitude  would  probably  be  completely  masked  by  the  frequency  shifts  due 
to  the  sound  waves  passing  through  turbulent  layers. 

13.3  BALLOONS 

Rising  or  falling  balloons  follow  a  trajectory  that  is  usually  closer  to  the 
horizontal  than  the  vertical.  There  is  no  fundamental  reason  why  the  data 
from  a  Jimsphere  or  Robin  balloon  could  not  be  processed  tc  yield  the  vertical 
as  well  as  the  horizontal  winds.  The  slowly  varying  component  introduced 
into  the  apparent  winds  by  the  terminal  velocity  of  the  balloon  must  be  re¬ 
moved,  of  course,  by  numerical  filtering  or  other  means.  Since  an  accuracy 
of  one  foot  per  second  is  desired,  o-’ly  a  precision  system  such  as  the 
Jimsphere  and  FPS-16  radar  system,  Reference  20,  should  be  investigated.  The 
low  cost  of  this  approach  is  especially  appealing. 
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13.4  ?<OKE  and  chaff  trails 


Smoke  aud  chaff  trails  could  be  laid  for  a  distance  equal  to  the  maximum 
wavelength  of  interest,  that  is  75,000  feet,  at  the  apogee  of  a  rocket 
trajectory.  A  variation  of  only  *1000  feet  from  the  desired  altitude  can  be 
achieved  with  an  apogean  velocity  of  only  1560  fps  and  a  small  meteorological 
rocket  could  probably  be  used.  Smoke  suffers  in  that  good  visibility  is 
required.  (Ses  Reference  21  for  a  report  on  a  smoke  trail  method  for  vertical 
wind  profiles.)  Also,  there  are  problems  involved  in  generating  smoke  above 
60,000  feet  as  Reference  22  indicates.  Chaff  appears  to  be  superior  as  a 
"tracer”  but  large  Dcpo3*r  radars  must  be  built  or  modified  from  existing 
equipment. 

The  possibility  of  chaff  for  high  resolution  wind  measurement  was  studied  by 
the  Cornell  Aeronautical  Laboratory  as  discussed  in  Reference  23,  Quoting: 

"Design  concepts  were  formulated  and  evaluated  for  a  high  resolution  (30  m 
altitude  increment)  wind  measurement  concept  involving  two  Doppler  radars  and 
a  continuous  chaff  column  for  rapidly  constructing  the  wind  profile  from 
"ground  tol5  km  altitude.  The  investigation  included  theoretical  interpreta¬ 
tion  of  Doppler  spectra,  suitable  measurement  techniques  and  apparatus  for 
achieving  desired  sampling  capability,  and  field  experiments  wherein  the 
general  concept  was  assessed.  These  simultaneous  efforts  have  led  to  the 
following  conclusions: 

"1.  The  Doppler  radar  chaff  concept,  as  devised,  is  feasible  for  obtaining 
wind  information  of  desired  accuracy  (0.5  -  1,5  m/sec)  and  spatial 
resolution  (30  m  altitude  increments).  Required  equipment  to  meet 
these  specifications  cannot  be  considered  simple  or  inexpensive; 

45  feet  to  60  feet  diameter  antennas,  radar  transmitters  of  demanding 
design,  and  a  unique  rocket  chaff  dispenser  are  called  for.  Nevertheless, 
the  envisioned  system  appears  capable  of  providing,  in  "real  time"  and 
regardless  of  weat'  r  conditions,  unique  atmospheric  wind  structure 
information. " 


"6.  Theoretical  calculations  and  chaff  tracking  experiments  have  shown 
that  3  to  5  pounds  of  chaff  (approximately  4  million  X-band  dipoles 
pc.'  pound)  are  required  per  15  kilometer  high  column.  This  concentre-^ 
tlon  is  considered  suitable  in  terms  of  detectable  signal  return  and 
adequate  statistical  representation  of  wind  velocities  with  a  sampled 
volume." 

The  above  quoted  accuracy  is  obtained  with  a  radar  sweep  over  the  entire  15 
kilometer  chaff  column  in  150  seconds;  hence,  a  number  of  wind  profiles  could 
be  generated  before  the  chaff  dissipates. 

It  is  recommended  further  consideration  be  given  to  the  chaff  trails  system. 
It  appears  a  number  of  "sweeps"  could  be  made  of  a  75,000  feet  trail  before 
the  tracer  dissipates.  This  number  must  be  compared  to  the  25  "sweeps" 
intended  for  the  HI-HICAT  vehicle  and  the  cost  per  mission  and  per  sweep 
determined.  Although  novel,  a  chaff  trail  system  might  generate  data  at 
moderate  overall  costs.  The  initial  costs  would  be  high,  however,  because  of 
the  requirement  for  a  number  of  precision  Doppler  radars. 
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SECTION  l4 


CONCLUSIONS  AND  RECOMMENDATIONS 

A  preliminary  design  study  was  conducted  for  a  HI -BICAT  vehicle  and  instru¬ 
mentation  system  for  operation  at  altitudes  from  70,000  to  200,000  feet  which 
lead  to  the  following  conclusions  and  re  commendation  s : 

1.  One-stage,  unmanned  parawing  and  lifting  body  designs  were  evolved  for 
a  HI-HICAT  vehicle  and  instrumentation  system  capable  of  measuring, 
turbulence  at  altitudes  between  'JO f 000  and  200,000  feet.  If  the  full 
range  of  altitudes  must  be  achieved  with  one  system,  then  a  parawing 
vehicle  is  optimum.  By  deploying  wings  of  optimum  size,  or  no  wing, 
the  parawing  vehicle  achieves  the  greatest  range  of  operating  altitudes. 
The  parawing  system  features  a  cluster  of  eight  P4-1  rocket  chambers, 
highly  pressurized  propellant  tanks,  a  cryogenic  helium  pressurization 
and  cooling  system,  an  inertial  navigator,  a  command  control  system, 
and  a  parachute  recovery  system  designed  for  an  air  snatch  with  a 
C-130  aircraft.  The  vehicle  is  air  launched  from  an  F-4C  aircraft  at 
speeds  near  Mach  2.  The  instrumentation  features  a  one-axis  servoed 
Q-ball,  digital  data  handling  equipment,  telemetering,  and  on-board 
magnetic  tape  recording. 

2.  When  emphasis  is  placed  on  the  mid-range  of  altitudes  from  100,000  to 
150,000  feet,  a  lifting  body  configuration  is  competitive  with  and 
recommended  over  the  parawing.  However,  a  HI -BICAT  development  program 
should  allow  for  the  exploration  of  closely  related  shapes  with  the 
goal  of  achieving  substantially  better  lift-to-drag  ratios  than  those 
for  the  vehicle  described  herein.  The  internal  systems  for  the 
lifting  body  vary  little  from  those  for  the  parawing  with  the  only 
exception  being  the  use  of  a  turbopump  to  feed  the  rocket  engine  from 
propellant  tanks  that  are  only  lightly  pressurized, 

3.  An  instrumented  YF-12A  aircraft  is  the  recommended  vehicle  for 
gathering  turbulence  data  at  the  lower  HI-HICAT  altitudes.  It 
represents  the  next  logical  step  up  from  the  present  KECAT  pro¬ 
gram  with  a  U-2  aircraft.  The  cost  of  obtaining  data,  although 
more  than  that  for  past  turbulence  programs  with  subsonic  air¬ 
craft,  would  be  considerably  less  than  the  cost  of  the  unmanned 
HI-HICAT  system  described  herein. 


l4l 


SECTION  15 
REFERENCES 


1.  Donely,  P. ,  "The  Measurement  and  Assessment  of  Repeated  Loads  on  Airplane 
Components"  AGARD  Report  45,  April  1956. 

2.  Perini,  L.  L. ,  W.  E.  Wilson,  R.  E.  Walker  and  G.  L.  Duggers,  "Preliminary 
Study  of  Air  Augmentation  of  Rocket  Thrust",  J.  Spacecraft,  v.  1,  n.  6, 
pp  626*634,  November-December  1964. 

3.  Kenville,  J.  F.,  "Development  of  Manufacturing  Techniques  for  a  Metal 
Fabric  Reinforced  Re-Entry  Glider",  presented  at  2nd  Aerospace  Expandable 
Structures  Conference  sponsored  by  AF  Aero  Propulsion  Lab.  and  Archer 
Daniels  Midland  Co.  at  Minneapolis,  Minn.,  25-27  May  1965. 

4.  Judge,  John  F.,  "Launch  Platforms  Gaining  Acceptance",  Missile  and  Rockets, 
pp  26,  27,  30,  June  17,  1963. 

5.  Ellison,  D.  E.  and  L.  V.  Malthan  (Principle  Investigators) ,  "USAF  Stabil¬ 
ity  and  Control  Datcom",  AF  Flight  Dynamics  Lab.,  Revised  July  1963. 

6.  Anon.,  "Data  Sheets",  Royal  Aerodynamic  Society. 

7.  Penland,  Jim  A.,  "A  Study  of  the  Aerodynamic  Characteristics  of  a  Fixed 
Geometry  Paraglider  Configuration  and  Three  Canopies  with  Simulated 
Variable  Canopy  at  a  Mach  Number  of  6.6",  NASA  Technical  Note  D-1022, 
March,  1962. 

8.  Clauss,  J.  S.,  P.  Kritsinger  and  H.  P.  Heerman,  "Digital  Computer  Program 
for  the  Optimization  of  Ascent  Trajectories  in  Two  Dimensions",  Lockheed- 
Califomia  Company  Report  LR  18492,  December  1964. 

9.  Turner,  1,  W. ,  "Preliminary  Study  q£,  Use  of  the  Lockheed  F-104  as  a  Re¬ 
coverable  Booster  for  Launching  High  Altitude  Exploratory  Rockets", 
Lockheed-California  Company  Report  LR  16084,  3  July  1962. 

10.  Pitts,  W.  C.,  Jack  N.  Nielson  and  George  E.  Kaattari,  "Lift  and  Center  of 
Pressure  of  Wing-Body-Tail  Combinations  at  Subsonic,  Transonic  and  Super¬ 
sonic  Speeds",  NACA  Technical  Report  1 307 >  1959. 

11.  Anon,,  "Space  SECOR",  Cubic  Corp.  Document  P-63086,  18  July  1 963. 

12.  Anon.,  "Q-Ball  Airflow  Direction  and  Air  Data  Sensors,  General  Descrip¬ 
tion",  Northrop  Nortronics  Report  NQRT  64-354,  Revised  December  1964. 

13.  Vaughan,  William  W.’,  "Investigation  of  the  Cape  Canaveral,  Florida,  Wind 
Magnitude  and  Wind  Shear  Characteristics  in  the  Ten  to  Fourteen  Kilometer 
Region",  NASA  Tech.  Note  D— 556,  January  I96I. 

14.  Fournier,  Paul  G.,  "Pressure  Distributions  on  Three  Rigid  Wings  Simulating 
Parawings  with  Varied  Canopy  Curvature  and  Leading-Edge  Sweep  at  Mach 
Numbers  from  2.29  to  4.65",  NASA  Technical  Note  D-1618,  April  1963. 


143 


15.  Wornom,  Dewey  E. ,  "Aerodynamic  Characteristics  of  a  Flexible-Canopy  Para¬ 
glider  Model  at  a  Mach  Number  of  4.5  for  Angles  of  Attack  to  360°  and  Side¬ 
slip  Angles  from  0°  to  90°",  NASA  Technical  Note  D-1776,  April  1963. 

16.  Kenville,  J.  F.,  and  others,  "Semi-Rigid  or  Non-Rigid  Structures  for  Re- 
Entry  Applications  -  Interim  Engineering  Progress  Report",  Research  and 
Technology  Division,  AF  Systems  Command  Report  IR-7-943b  (I,  II,  ...), 

15  January  1963  -  15  April  1963,  15  April  1963  -  1$  August  1963,  ... 

17.  Anon.,  "Peacetime  Planning  Factors",  Air  Force  Manual  172-3,  Vol.  I. 

18.  Cornier,  Fox,  W.  W.  Hildreth,  Jr.,  and  I*edolph  Baer,  "Study  of  High  Reso¬ 
lution  Wind  Measuring  Systems  -  Phase  I  Survey",  Lockheed-California 
Company  Report  LR  18313*  16  October  1964. 

19.  Conner,  Fox,  W.  tf.  Hildreth,  Jr.,  Edward  V.  Ashburn  and  H.  A.  Thorpe, 

"Study  df  High  Resolution  Wind  Measuring  Systems  -  Phase  II  Analysis", 
Lockheed-California  Company  Report  IR  18832,  19  May  1965. 

20.  Scoggins,  James  R.,  "Aerodynamics  of  Spherical  Balloon  Wind  Sensors", 

J.  Geophy.  Res.,  v.  69,  n.  4,  pp  591-598,  15  February  1964. 

21.  Henry,  Robert  M.,  George  W.  Brandon,  Harold  B.  Tolefson  and  Wade  E. 

Lanford,  "The  Sboke-Trail  Method  for  Obtaining  Detailed  Measurements  of 
the  Vertical  Wind  Profile  for  Application  to  Missile-Dynamic-Response 
Problems",  NASA  Technical  Note  D-976,  October  1961. 

22.  Langer,  G.  and  J.  Stockham,  "High-Altitude  Tracking  by  Chemical  Stookes", 

J.  Geophy,  Res.,  v.  65,  pp  3331-3338,  October  i960. 

23.  Jiusto,  James  E.,  "Wind  Shear  Measurement  with  Doppler  Radar",  Cornell 
Aeronautical  Lab.,  Inc.,  Final  Report  IH-1525-P-I,  June  1962. 


144 


{ 


UNCLASSIFIED _ 

Security  Classification 

DOCUMENT  CONTROL  DATA  *  RAD 


(3»cuHlt  crsi§lffcstl*9  6!  Iff/#,  body  mt  sLatfCt  amf  kvamntng  mnnotmtlom  aw*/  *•  *w/»fW  w^wi  IK  *wx/t  fpmrt  !• 


I.  ORIGINATING  ACTIVITY  (CorytMt  «M 

Lockheed-California  Company 

Burbank,  California 

2s.  RIRORT  tCClfftlTV  C  LAf tlPICATION 

Unclassified 

It  SROUP 

$.  REPORT  TITLK 

PRELIMINARY  DESION  STUDY  FOR  A  HI-HICAT  VEHICLE  AND 

INSTRUMENTATION  SYSTEM 

4  DESCRIPTIVE  NOTES  ( Try  ./  nyrl  W  Jncfe.S v  A. to.; 

Final  Report 

S.  AUTHOR!?;  n>MI  Mato.  tint  mm,  Initial) 

Conner,  Fox 

#.  REPORT  DATE 

October  1966 

11*6  23 

•  «.  CONTRACT  OR  Oft  ANT  NO. 

AF33(6l5)-2569 

k.  PROJECT  MO. 

8  12*69 

*  lli6902 

If.  ORt  SIMA  TOR'S  REPORT  MUMSERfS; 

AFFDL-TR-66-100 

SS.  gTHER^RyPowT  HOf S)  (Any  .E*.f  wMs  Mas,  MmUsmE 

«0-  AVAIL  AEIUTY/LIMIT  ATtOM  NOTICES 

This  document  is  subject  to  special  e: 
foreign  governments  or  foreign  nations 
of  AF  Flight  Dvnarri.es  Laboratory,  Wri 

cport  controls  and  each  transmittal  to 
ils  may  be  made  only  with  prior  approval 
zht-Patterson  AFB.  Ohio 

11*  SUPPLEMENTARY  NOTES 

It-  SPOMSORINO  MILITARY  ACTIVITY 

Research  and  Technology  Division 
Wright-Patterson  Air  Force  Base,  Ohio 

IS.  ABSTRACT 

A  preliminary  design  study  was  conducted  on  an  unmanned  HI-HICAT  (High-High 
Altitude  Critical  Atmospheric  Turbulence)  vehicle  and  instrumentation  system  to 
measure  turbulence  at  altitudes  from  70,000  to  200,000  feet.  The  vehicle  con¬ 
figuration  selected  as  optimum  for  this  extreme  range  of  altitudes  is  a  parawing. 
For  the  study,  emphasis  was  placed  on  designing  a  Bystem  for  the  middle  portion 
of  the  altitude  band  from  100,000  to  150,000  feet.  In  this  band  a  lifting  body 
configuration  is  competitive  with  the  parawing.  Both  systems  feature  a  one-stage 
vehicle  which  is  air  launched  from  an  F-ljC  aircraft  at  supersonic  speeds.  A 
cluster  of  eight  Pl»-1  rocket  chambers  accelerates  the  vehicle  up  to  cruise  speed. 
The  vehicle  cruises  in  horizontal  flight  at  speeds  as  high  as  Mach  6  until 
propellant  exhaustion  or  until  the  sustainer  engine  is  shut  down.  It  then  decel¬ 
erates  at  the  cruise  altitude  to  obtain  additional  data  miles.  Recovery  is 
initiated  when  the  vehicle  slows  down  to  Mach  1,5.  An  air  snatch  completes  the 
mission.  Turbulence  data  is  gathered  by  a  digital  system  and  stored  on  a  magneti 
tape  recorder  and  telemetered  back  to  the  launch  aircraft,  the  recovery  aircraft, 
and  any  available  ground  station.  An  inertial  navigator  supplies  attitude  angle 
and  acceleration  data,  but  the  fine  scale  attitude  motions  in  turbulence  are 
obtained  from  a  package  of  three  precision  rate  gyros.  A  one-axis,  servoed 
Q-ball  is  recommended  as  the  flow  direction  sensor.  The  total  RDT&E,  production, 
and  operating  cost  of  500  data  gathering  flights  is  estimated  at  $53  million. 


DD  1  JAN  44  1473  UNCLASSIFIED _ 

Security  Classification 


Security  Classification 


Clear  Air  Turbulence 

High  Altitude,  High  Speed  Drone 

Atmospheric  Turbulence  Measurement 

Atmospheric  Turbulence  Instrumentation 

Air  Launched  Drone 

Aerial  Retrieval 

Rocket  Propelled  Drone 

Parawing 

Lifting  Body 

Inertial  Guidance 

Design  Study 

High  Tenqperature  Structures 
Airborne  Telemetry 
Airborne  Recording 


LINK  C 


NOUS 


INSTRUCTIONS 


L  ORIGINATING  ACTIVITY:  Eater  the  mm  and  address 
of  the  contractor,  subcontractor,  grantee,  Department  of  De- 
tons*  activity  or  other  organisation  (corporal  a  author)  iaaoing 
tha  report, 

2a.  REPORT  SECUHTY  CLASSIFICATION:  Entar  tha  oven- 
ali  security  claaaiiication  of  tha  report.  Indicate  whether 
"Restricted  Data'’  ia  Included,  Marking  la  to  be  in  accord¬ 
ance  with  appropriate  eecurlty  regulation  a. 

2b.  GROUP:  Automatic  downgrading  la  apeci/ied  in  DoD  Di¬ 
rective  5200. 10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  whan  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ised. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  .n  all  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  datea  when  a  specific  reporting  period  ia 
covered. 


5.  AUTHOR(S):  Enter  the  name(s)  of  authoK*)  as  shown  on 
or  in  the  report.  Enter  last  name,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  author  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  year,  or  month,  year.  If  mors  than  one  date  appears 
on  the  report,  uee  date  of  publication. 

7a.  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  La.,  enter  the 
number  of  pagea  containing  information 

7b.  NUMBER  OF  REFERENCE*  Entar  the  total  number  of 
references  cited  in  the  report. 

•a.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  repeat  was  written. 

8b,  Sc,  *  Id.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  mntiber, 
subproject  number,  system  numbers^  task  number,  etc. 

9a.  OVRGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

9b.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
aaelgned  any  other  report  numbers  ( either  by  (be  originator 
or  by  th a  sponsor),  also  enter  this  number(s). 

10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  lim¬ 
itations  on  further  dlaseminr.tlon  of  the  report,  other  than  those 


iaipo sad  by  security  classification,  using  standard  statements 
auch  as: 

(1)  "Qualified  request  are  may  obtain  copies  of  this 
report  from  DDC.” 

(2)  "Foreign  announcement  ard  dissemination  of  this 
report  by  DDC  is  not  authorized.  ” 

(3)  "U.  8.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  roq-aat  through 


"U,  8.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(5)  "All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has  bean  fumiahad  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  entar  the  price,  if  known. 

lL  SUPPLEMENTARY  NOTES:  Uia  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVJTV:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (par 
Ing  tor)  tha  research  and  development.  Include  address. 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  tha  document  indicative  of  the  report,  even  though 
*.t  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  ia  required,  a  continuation  ahaet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  and  with 
an  indication  of  tha  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  (TS),  (M),  (C),  or  (U). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  ISO  to  225  words. 


>  225  words. 


14.  KEY  WORDS:  Key  words  are  technically  meaningful  tanas 
or  short  phrases  that  characterise  s  report  and  may  be  used  at 
index  entries  for  cataloging  tha  report.  Key  words  must  be 
selected  so  that  no  security  classification  ia  required.  Identi¬ 
fiers,  auch  ae  equipment  model  declamation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rules,  and  weights  is  optional. 


